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OBJECT 


The cbject of this investigation war to obtain quantitative 
Gata of the stress distribution in a panei of plating representing 
the platine cf a vessel under tensile load, in order tc establish 
a relation between the ratio of maximum stress to average stress 
and the ratio cf initial defiection to nlate thickness. 


It £8 expected that a complete investigation of the effeat of 
initial deflection on tne stress distribution in a panel of plating 
will provide a technical criteria to specify the maximum allowable 
initial deflection to awid excessive stress in the naterial. 


MYTUD 


Foer specimens were nade of 1/8" plate with welaed stiffenera 
forming 3 panels cf 18" x 5". The necels were designed to be bolted 
to onlling mexbers adapted to fit a 300,00.) pound tensile testing 
machine. keugnly the initial deflectiun of the center panei cf 
the -odels were: seru, 1/8", 3/16* ana 1/4". 


The sasoles were tested using the stress-coat technique to 
Geterzine tie directicn of the crincipal stresees. 


SRel; strain gages type a-3 were instalied in two rows, one 
at the center of the panel ana the other near the trenev rae 
stiffener, at both sides of the plate. 


The samples were tested by applying the lead gradually, and 
the straing recorded at each interval of load. 


Plots were mace of th« load versus strain for each strain 
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gage. From there diagrams strains were obtained at loads of 20, 
40, 60, ®O and 100 kins, and these values were plotted against the 
position of the strain gage on the clate. The midedepth strain 
distribution was obtained by averacing the strains at cach voint 
on both sides cf thie plate. 


From the strain distribution ¢lagra:s the naximum and eini- 
num strain values were chteined, as well as the average strain in 
the plate, at each level of loai. The ratio of maximum anc mini- 
mum strain to average strain in tre plate wre thes chtained, and 
these values plotted against the ratio of initial deflection to 
clate thicrness. 


fhe strain distributions at 50 kips lead were used to check 
the data, by comparing the integration cf stress times cross 
sectional area with the corresvnenmiing load. 


R@SULTS ABO CG. RCLUGIUNS 


It was observed that when ceflecticn exists the strain is not 
miformly distributed. The naxisusxz strains were found cn the un=- 
etiffened face cf the panel at abcut the quarter points. The 
ninimua strains were founmi om the stiffened faee, which is the 
convex face of the panel, at about the center of the panel. The mid- 
depth waximua strains vere fcund close to the stiffeners, 


The ratio maximum to average strain increases umcst lineariy, 
within the elastic region ef the material, with the increase of the 
ratio initial deflection to clate thicxnesss the reverse is the 
ease of the ratio minimum to average strain, All of these ratios 
arvproach to nnity with the increase of load. 


It shovid be nected that the maxinum stresses were cbserved on 
the coucave face, and that on the convex face th. stress wes so small 
thet it, became negative, cr compressive stress, for initial deflece 
tion thickness ratio greater than one. 


RVC MM ONATIONS 


1, Construction and testing of samoles of different aspect 
ratio. 


2. Conetruction and testing of sanples with low depth of 
stiffeners welaed at both sides of the plate, in order ts 
obtain the neutral axis of the stiffeners in line wth the 
nentrai axis of the oblate tc eliminate benging moment 
effects, 


Thesis supervisor: JOHN HARVOY FV¥aNS 
Assucinute Prefessor of .aval Architecture 
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Secretary of the Faculty 
Massachusetts Institute cf Technology 
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Dear Sire 
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Engineer, we submit herewith a thesis entitled, "The Effect of 
Initial Deflection on the Stress Distribution in a Panel of 
Plating of a Ship Under Tensile Load". 
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Ie IWTROSUCTION 

In the structural design of a vessel the hull is considered to 
work as a beans. The cifference between the bucyancy distributicn 
and the weight distributicn causes a longitudinal bending moment. 

it is standard practice to cesign the strength of the hull, by 
considering the vessel in two extreme coniitions: floating on a 
wave with the same length of the vessel and with the crest at each 
end of the vessel, caiied "sagging condition", and with the crest 
admiship, called hogging conditicn. These two conditions are con- 
sidered to be the most severe manners of loading. 

Tests have been mace for many years to prove that the hull wrks 
as a beam. The first extensive exeriments were carried out on the 
200 feet transversely framed British destroyer "kolf" in 1903, and 
while in many respects setting the pattern for subsequent wrk, they 
left many questicns unanswered princinaliy because of the scanty 
strain data taken below the vessel's neutral axis, In 1950 two 
identical 310 feet transversely framed U.S. destroyers, the “Preston” 
anc the "Bruce", were observed while being loaded in sagging and 
hogging respectively. ‘“ithin the past three years ancther British 
destroyer, the 355 feet longitudinally framed "Albuera” was 
similarly loaded in hogging. <All these vessles were of riveted 
construction and were loaded by means of being supperted on piers 
in drydock as the water level and the internal weight distribution 
wes varied. The "Preston", "Bruce", and “Aibvera” were loaded to 
destruction when complete buckling of deck cr bottom structure 


ecenrred. Except on the "wolf", for which fore and aft strains only 
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were measured, multi-axial olain strains were detersined enabling 
principal stresses in magnitude and direction to be calevled. In 
all cases, stress distribution was found to be in generally scod 
agreenent with the classical beam theory, even for extended ranres 
of loading. 

During the past world War II, the emergency merchant fleet was 
built almost entirely by welding type of construction. Sore of these 
ships were revorted damaged by cracking of the hull structure. In-= 
vestigations of these failures arrived te the follownsy cavses of 
failure: 

(a) Stress concentration due to notch effect, being the notch 
introduced by poor design (corner of hatches, non-continuity of 
longitudinal mesbers), or caused by poor welding (low penetration, 
inclusions, blows in the melted metal). 

(b) Brittle fracture at low temperature. 

These causes explained the failure of vessels that cracked due 
to notch effects, or that failed because the material had a hiph 
critical texperature, but failed to expiain why well designed vessels 
and well constructed suffer cracks in summer when a sister shin is 
still in service, 

A theory advanced te the authors by Professor J. H. Evans, of 
the Massachusetts Institute of Tectnelory relates the variation in 
stress to the amount of initial bulge in the panel between stiffeners, 
If an initial bulge exists in a section of ship plating of a trans- 
versely framed vossel, and this section is loaded in tension, the 
part of the plating containing the bulge will be unable to assime its 


ancertioned share of the load until the deflection is remeved; the 
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secticn of the plating adjacent to the longitudinal stiffeners will 
therefore receive and maintain e disaproportionately high part of 
the load. It is ec -neeivable that the hich stresses developed could 
cause surface crackinzs, and subsequent failure. 

Several investigations have included observations which tend to 
substantiate the foregoing idea. The Admiralty Ship *xelding Committee 
reported full scale tests on the British identical cargo ships 
"cean Vulean” and "Clan Alpine”, and on identical tankers "Neveritas" 
and "Neweombia"; one vessel in each pair was all riveted while the 
other was predominantly all welded. The findings of interest to 
this report are well summerized in Figure I. The stresses in way of 
the longitudinal stiffeners of the welded ships, for both hogging 
and sagging conditions, are much greater than the stresses clear of 
the stiffeners. This is not true for the case of rivetea ships, and 
the difference could be laid to the minor accomacdaticns in the riveted 
) joints to suit the imposed loads, 

What the allowable limit of unloaded plating unfairness should 
be is a question waich needs answering for the benefit of all amd the 
limit. which insures against crack formation at the panel supsorts 
umier the maximum coplanar loading anticipated is tie ultimate 
criterion tc be used in coming to a decision, 

However, it, seems that an excessive unloaded deflection may be 
attained not only during construction, but by growth umer the lateral 
water pressure or the shin hogging and sageving loadings. for such 
increasing permanent set to take nlace under ship service conditions 


apparently sose Ymitial unloaded panel unfairness is also necessary. 





> @ 
Sti endtiip einepaiiah dantiiain aint andtietine 
DO OL ALN A A OE FL wena ' 
et aS HOTT ke mt sar OLOeP MRM Os ci eee O88 . 
Tm a smapibiem etalm ome 
© WEY lds Berta aitalon) ontd emliqerewe) Lemme 1 
OE ED biel Cnet amd oD eee) eine 20 dees 
ie ie ak ee 
a derman! We meter!) 67) cmhion lle ¢ideuniemenn Gee eam 
tigen ah emcumete wo) emp ld cece Line wee dmeeer alas 
RON OT PD eG bei md ho ermetatve nieces me 
4 eels eeeerE A pay Weller Memon seid paieees cme 
Mas yl estore le pete iE rtd Jad At ket peemeet den wir 
derwe ls a) AI WARS NOR ath At hel Ad bios SmGMUNTD EL aul 
—_ a weer slit oie ad gamtot 
binale cwmrmiwko antiale oneal te sbncl Deeds wi Sete 
: Meme Ee Led Reve! eh) Talk gerne em roe acme @ 8) me 
eee dames ww be sede) aver comme enema) ony ala’ 
ormaioks aa! 6) bday tie wnheeet yeeslowm epethen «Ut vel 
BOIL 6 ae hes! ager et anbes ito 














eee ee ae 
Cenatnl we ne alueg (A at rete moD BA gue dee. Seenioeen 
Pe ee cease! phd 988 ee ite Oly 1 vO vee pele 
Mie more whee ea Si Oe eks .§ Zoo Sree” pn teed 


eviseesoon oels ei ezeniti®tiw Lens Lebsolnu Isidinl see (hei rr 





FIGURE I 


Diatributiou of lungitucdinal stres:es fur det icu 
shell piuting near amidships for acrchant ves.cic. 
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but its limiting valne is presumably less than that which makes for 
sufficient peaking of stress in the fore and aft direction at the 
boundaries te cause the crack which may immediately or subsequently 
propagate under the propsr conditions, probably including low 
temperature, or perhaps some transverse svrain restrain offered by 
the framing. Figure II illustrate the case of increasing unfairness 
of the plating caused by the longitudinal bending noment, fron 
cbservations made on experiment carried out on the “Philip Schnyler". 
Unfairness uncer alterante tensile and compressive stress 


naturally compounds the evils. 
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SERIES Tf 


1 Initial position of battom plating 

2 Position under first hogg ing moment of 134,000 tt tons Chag 1) 
3 Position on return to 2 2A 00d ft. tons (inter - hog 2) 

4 Position under 20,000 ft. tons (inter-hog A & inter-hog 8) 

S Position under second hogging moment of 134,000 ft. tons (hog A) 


Deflection Profile of Bottom Plating 
Midway Between Two Frames Amidships 


Bottom Platinz Behavior on the PHILIP SCHUYLER 








Tho design of the test section wes governed by the following 
practical considerations: 

a} The load capecity end size of the evaileble testing mechines. 

b) Cross sectionzl srea of the test section to obdtesin proper stress 
values with the seiected testing machine. 

c) Linear dimensions of the specimen to fulfill the selected cross 
sectionéel area, considering the provortion of dimensions used 
in ship building practice. 

G) Desirability of uniform strese distribution along the loading 
edges of the section to be tested, 

With this considerations in wind the following was done. 4 
testing machine of 300,000 pounds of rated load capacity ves selected, 
which has a maximum destructive loac of 225,000 pounds, one of the largest 
avsilable machines in order to recuce scele effectsa. 

In the treneverse framing systea used in nevel architecture, 
the common aspect ratio is from 3 to 3.75; these velues were obtained froa 
the Rules of the American Bureau of Chipping. The aspect ratio 3 was 
selected, and a panel of 6" x 18", with a plete of 1/8* thickness vas 
considered adequate. Stiffeners of 1/4" thickness plete, and of 2 1/2® 
depth were used, avoiding the use of profiles like *L® or *T* to facilitate 
the instellation of the strain gages. 

With the above Cimensions we obtain « cross sectionel are of the 


test section of 4.25 square inches, thus, the average streee with the 
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destructive loading capecity of the testing mechine was 53,000 pedi; this 
was considered satisfactory. 

The tect section with its dimensions is shown in figure II]. 
It can be noted that three pamels were used; the panel to be deflected 
was the central one, where the strala meesurements were nace, the other 
two panels being provided to obtain a more uniform stress cistribution, 
and they vere not deflected, 

The neutral axis of the complete test section without initial 
deflection wes celculated to be 0.449 inches from the unstiffened face 
of the plete. Considering that in way of the stiffeners the neutral sxis 
shifts towarc the mid-~deptiu of the stiffeners, uni thet at tho sidway 
between stiffeners the neutral axis shifte toward the mid-thickneas of 
the plate, there was & comprosise te fulfill for the spplication of the 
loawd. The test sections were dacignec to be Lozded ia a plane through 
the mic-deyth of the plete, anc the scentlings of the stiffeners were 


decreased at the onds, as shown in figure III. 


Rok Lesign of the Pulling Mawbers 

The pulling members were cesigned to work under the yield point 
of the materiai at the maximum load capacity of the machine in order to 
minioise the defiection of the mambers anc to obtain « frirly unifoma 
stress Glistribution on the test section, 

The lineser dimensions obtained froa the design caiculetions are 
shown in figure III. It may be estimeted that the weight of each pulling 
meaber was about 250 pownds, and their cogt much higher then thet of the 


test section; therefore, it was considered cesirable to have cetacheble 
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ouiling members insteed of heaving them welded to the test sections, in 
erder to facilitate the hendiing of the evuipment end to reduce the 
initial cost. 

The test section was atteched to the pulling members by means 
of 15 bolts of 1/2" «ddumetor, and the strength of this joint considered 
a3 a riveted joint was greeter then the strength of the test section; it 
should be noted thet the thickness of the plate is increased «et the bolted 


joint in order to obtain greater strength at the joint than st the test 


section. 
2.3 Fsdricetion 


The test sections end pulling members vere waede at "Saul Avery 
Steel Company", Cambricige, Massachusetts. The material used was 
commercizl mild steel. The procese of fabrication was arc welding. A 
heat treatment for stress relief was usec at the end of the fabrication. 

The test sections with sero nominel defiection end with 1/8* 
nominal deflection received the initiel deflection in the centrel panel 
during the fabrication by effect of the welding cf the stiffeners. The 
Leet section with 2/16" nominal deflection was hemmersd to increase the 
bulge caugec by welding te the cesired enount of deformation. The test 
section with 1/4" nominal deflection recedved the deflection of the cen~ 
trel oenel ty Lateral oressure using « coxpression testing mechine of 
the Laboratory of Tosting MNateriels at the Magzachusette Institute of 


Technology, with the eid of a plese of wood to avoid identaticns, 


2.4 Heasurement of the Initial Deflections 
The initial deflection was measured with e diel gege graduated in 





0) 





Gt gheultoet food att ot aie cel? piled “We hentend eredie gotisoy 
10 woctwr o/ Raw tomemtnys att De pntlemd and tas tiles? of tales 
Sees 1ssF bel 

foee Gf ewelers Mice, OL! © Genes eae maleene shod aT 
Coeeedeaw TALS «DD We Gr yerrT, aor tue ,cetemeth MS\L Yo eff bi le 
1. \ewkrses ee ett To dtmertay at cuctl teteerry eae dmtol, begevic 4 a0 
Set iod aw (2 leewrnct 2! eile eal to owtdodde mts fads Gedoe od bivcds 
Pont me fe Gol balay acl 84 Adgerede tedersg ahetls of wwto at jafot 
onottoe8 


 Gebimotaies bs 

rv Lae hy te ewe ramon smth Mee colton deed at 
ew rey Liteeree oct woMwerieeel. oie) , "payed lee sé 
A Rew ons mew Dettestutl! to ensues edt sleet Site Letowmmoe 
OMe rete) wt We tow ate tse Gew Taller mere 101 Snamteots Sued 

MB\L Stay ane cmttan eS Lae ceen ote ditiv encttoms sent eT 
ame ipetees ant of colroml int Lotvtnt at cevisoe1 noltsosiiet Lantens 
act eet Live wll le pelilow id Ve fesTie qd nedssotuds? s6¢ gi read 
ast weperaal Gt beeemea) Ger omkrunties Leelee 8O1\E rithe coltoes Peas 
rw iy upoow lo Jame aimed alt of miiiow yi leaves oglu 
aro o& Jo nolroet wl bet ievrt nodpeetiet isatema "A\l dt by aotiove 
to ewictoae aeifens aciwewtrec. « yrtte eumcet  Leverel qt lence Lert 
Be sdadives] sffruudsorsek oct fe tdebestell yeleweT Yo yrofetoesd add 
eameldetenbt Mure o keer “os swale © to ole wt tthe (ypplombuT 


ame renting Aehtanl wot Lo Inumeumwed 3.5 
wt Seturrt, ogg Lot « Ate bow tee at wobroolie Ietetnl edT 


ai? 


thousancths of an inch, mountec ia a sete) frame es shown in Figure IV. 
Tne freme wos mounted in fuch a way that zero rescdings were obtained 
at 3 corners of the penal. 

Meacurements were made ot intervals of 1/2 inch slong parsllel 
lines spaced 1/2 inch apart. Observed deflections are recorded in Table I 
in Appendix A. 

The initiel deflection deta was plotted on cross-section peper, 
and contours of constant ceflection were Crawn, #6 shown in the "Contour 
Mao of Initial Deflection", Figures V¥, Vi, Vil, end VIII. 

To obtain the initial deflection of each test section, the 
SoLlewing procecure wes used: 

a) The arithmetical mean averages of readings taken elong the long 
borders of the panel, within the centrel 10 inches, vere first 
computed. 

b) Next, the arithmetical mesn everege of readings taken along the 
trensverse centerline of the penel wore computed, within the 
central 10 inches, which is the section that showed the maximum 
deflection. 

c) Fineliy, the difference between helf the oewa of the berder erith- 
metical mean values and the center line aritimeticel mean value 
gove the resultant average deflection of the penel. Thie celeu- 


lation is shown on Teble Vin the &ppendix« C, 


ne5 Stresa-Coat Tests 


The surfeces of the center penel of each test section were cleened 


mad polished with emery cloth, Meat the surfaces were sprayed wlth precout 
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FIGURE IV 
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in order to obtein a mooth surface. Then the strese-coat wee applied, 
The precoat and the Strein Iadicating Counting Of-1Z08 were monufectured 
by "agnsetlux Corporation®, Chicago 31, iilinois,. 

The type of straess—coat selected was determined by the veetner 
concitions, since teaperatare und lumaldity changes mey cause cracking 
of the streca coat. The drying period of the strese-coat was 24 hours. 

In every test the weather comiition did not change from the tine of 
epplication of the stress east te the time at which the test was performed. 

The specimenre were loaded to 60,000 pounds in order to obtain 
& complete crack prttern of the stress—-coat. The creek settern eppeared 
only on the unstiffened tide of the panel: no cracks were observed on 
the other side. 

4n attempt to mske the crack pattern stand ont by using dye- 
etching failed becouse the stress~coat was diseolwed oy the dye and the 
pattern dsapveared. 

in order to obtain a record of the crack pattern, it was necessary 
to wexk the crecks vith inex or pencil on the stress—coat itself. The next 
atep was to transfer the ceilneated peitern to trensoarent puper. The 
Pattern of Cracks in Stress Cont®, are shown in Figures IX, %, 71, and 
XTi. 

The strain gegez wore aligned with the direction of the principal 
stresses, which is perpendiculer te the cirestion of the cracks, Li wos 
considered that the strain gages on ths stiffened side of the plete, vhnore 
no creek pattern was formed, shonld de oriented in the saae direction 6a 


tha strain geges on the umetiffenec side of the plate, beceuse the cirection 
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of ‘the principal stresses wotlk not meet tact the smell thickness 
we WE buthel* Or Sm eee oe - we . 
“Pe ehdaa te notes CHEE the chicka OF the etress-coat wore not 
produced at léw level of lead, but thet they started to appour fot Losde 
ebove 60,200 pounds. Therefore, the ortentition of the Strein gages wos 
goverhed by the Chredtion of ine Hrielpel streckes et Mgh loses, It 
it believed thal the direction of the srineibel stresses Changed with 
WHS losd, Weouice We magnitude of the deflection probily chinged “ith 
the Load; therefore, the meesured atrainsa at losds other than thet which 
hae seu the cracks sre pot the true values of the principal streins. 
Hoverthelesa, the strains measured by the strein gages located 

in the traaswerse centesline of the pamsl are undoubtly principal strains; 
sinee by symmetry, the srincipal etrains should be oriented in the 
direction ot the applied los, and ta 1a Lect that tas observed cracks are 
perpendiculcr to tre trinsverse centeriine on ell specinens supports 
this conclusion. This ceanideration is euphesicec to validate the 
conclusions of the experiment. 





" "Spey Strain Geges tyne 4-3 manufactured by "The Baldwin Lice 
Hamilton Corporation", Philedelphia 42, Pennéylvania, were used. They 
were appiled using SR-4 Pre-Coit end Ceaent, following the manufdeturer's 
instructiona Using 64 Strain Gages per test section. 
The locations considered ideal for the strein gages to odtain 
the curve of strain distribution is shown in Pigures IX ené through 211, but 


due to £046 mall irvegulerities in the surface of the plete wore of the 
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strain geges where applied in « slightly different location es indicated 
by Table II in the Appendix 4. *Frent Face® inaicetes the unstiffened 
side of the plate, and "Back Face® the stiffened one. 

4ftor the strain gages vere applieé end the cexent hed dried 
for 24 hours, the gages vere electrically teated for continuity and 
insuiation fram the plate; tho mininws insulation mesmured wes 25 
megohas, which ia fer ebove the reyuirec insulation of 5 megohna. 


Figure XIII is en dliustrstion ef 6 teat specimen with the strain gages 


ia place, 





The tosting muchine usec to load the specimens in tension was 
e "Southwark—Baery" hydraulic type, MIT serial 105. The control pens) 
£ this machine end the set-up of the cquioment is shown in Figure ZIV. 

fhe etrein gages vere connected between ground anc « switch 
board formed by knife ewitches. Through the awitch-board, the strain 
gages were commected to an Sie4 Strein Indicator, tyre L, seriel Na0797, 
manufsctured by Baldwin-Southwerk. | 

on initial lowed of 20,000 pounce wes used to line-up the specimen 
in the testing machine, and then the Loac was reduced to sero to obtsin 
the strain reading «t+ zero load. Next the loed was applied gradusliy, 
and the strains recorded at each Level of load, as indicated in Teble ITT 
in the Appendix A. 

It should be noted thet during the epplication of the load te 
meavure the strains, dows silo of the pulling members et the java of 


the testing machine was noticed, anc thia fsct somewhet Invaliaated the 
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FIGURE XIII 





Specimen with Strain Gages 








FIGURE XIV 
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Strain reading at zero load, because of & probable chenge in the ifne-uo 
of the specimen. This effect was particulerly noticesble when the plete 
with 3/16" neminal deflection was tested. 


2.8 otrein-Load Cur Vee 
The recorded atreins were plotted aguinst the applied load to 


eheck the correctness of the readings, as shown in Figures *V through 
ALITI. These curves represent the grachical everage relation of strain 


te losd at each strain gage scositicn. 


Ze9 Strain Distribuiton Curves 


Fron the Strain-Losd curves, the strain et esch strain gege was 
obteined for five leveis of load, as recorded in Table IV in Appendix B. 
Tnese strains were plottec ageinst the positions of the strein gages to 
obtain the strein distribution curves et cifferent levels of loed for 
beth the front fece and the beck face of the plete. The arithmetical 
meen average between both faeces gave the strain velues at the aid~depth 
ef the panel. These values were also plottec against the position of the 
strain gages to obtain the strein distribution at the mid-depth of the 
plste, The strein distribution curves are shown in Figures 4L1V through 
LVI. 


2oi0 Strein-leflection helationship 
The arithmetical mean everuge of the strain cistribution curve 


at the mid-desth for each specimen wus taken 45 the average streina in the 
plate.e This velue ia different from the strein thet would be obteined by 
dividing the load by the product of the cross-sectionel crea times the 
modulus of elusticity of the materiel, assuming thet tre siiffencrs shared 


the load, 
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The maximua velue of the strain in the front face at each level 
of loud was obtained by taxing the aritimetical mean of the strain values 
indicated by gages 7 front anc 11 front. 

Tae wininuwa value of the strzin on the back faee at each level 
of load wam computed by teking the aritimoticel meen sverege of the 
atreia values of gages 3 back, 9 back, end 10 beck. 

The maximwa value of the strain at the mic-depth of the plete 
et each level of loed was eaictlated by teking the arithmetical meen 
average of the strein vsluos of gages 4 front, 4 beck, 14 front, and 14 
DaCk 

The retioa of meximum anc minimum to average strein velues were 
plotted against the ratios of average deflection (obteined as indicated 
in section 2,4) to plate thickness. ‘These curves are show in Figure 
LVII. 

Table ViI in the Acpendix C conteins the celculation of the 


velvec and retios mentioned above. 


2eil Measured and Calculsted spolied Logd 

The product of the average strain, the crosg-sectional érea of 
the plate, and the mocuius of elasticity equein the megnitude of the 
Losac supported by the plute. 

Fros the curves of the atreain distritution in the etiffeners, 
shown in Figure LVi, the arithmetics] mean average atrein in the tro 
stiffeners of each plete wes obtained. Multiplying this vaelue by the 
product or the crose-sectionel area of the stiffeners and the modulus of 


elasticity gives the uwagnitude of the load supported by the stiffeners. 
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The sun of the losd on thenphate anc the Losd on the 
stiffeners should be equel to the appiied lwed. This ni? pa ~— 


> . = tee moore tet oe.3 oe 8, @ - 


wace for & “host oF of 60,003 sounds, eesvuaing « moculus of elasticity of 
Ger oie of 2,000,009 pounds per square ineh, and the difference 
between the applied loed end the calouls ted loud was 
- 80 pounds or -1.23% for the plete of sero nominal deflection 
5400 sounds or 9 & for the plete of 1/8" nominal deflection 
4309 pounds or 6.7 % for the plate of 3/16* nominsl deflection 
~1100 younds or -1.8 £ for the plate of 1/4* nominal deflection. 
The differences vere considered small and within the accurucy of 


the messuraments. The czlculzstion {1s shown in Appendix D. 








gut ne aa a sabe sinh a at 





unlteelies ianteco Come to.¢Jelq ai! GOR Bigke mo timmy OB— 2. 


ontsee Dab dines #O'L to edely ats ar) Ry 1m eteweg Cae 
ite Geramen wd nitty coo Lines brewhheoos ory soomweThts eT ey 


ol eels OL cle ot cobiedamtom tf a tenperivesce wild 


tet ee et ft kee) eet ae See be madkeme 96) J kee owebe 
a te 60 Ln oe at 


Re «) we fe Cm ow CS 
ee 


_ — —are meee ow qe hws © epee tl ee 6 eT tte 
a el el 


ee ee ee eee 


°c ee (eer ee 6 OKO E—Ee ee eee ee 
aS a ages 66) * aur tte eS Hake ——= 
—t > -@ te bare ge Ge. 


eT are — < ome i ee bees cet © Germ Gt! aD 
an af @& tlews eee aoe eptaueee 22 . Sil col «| ae 
—™ & 


— ss ear «se ~~ Tee om » hee Cae 
fo tee a ae eo AS of! fe « oo =e” 
. & i! S -_ 7 e * * - 











——i i — i © Fee ee OT 

—-_ a, ,£ ae axe  6.¢..c0liey 

ba é - 
© odie ea! “ceed eke oe! ce 

‘ abuw—n—e Gum a ail 


ie, i, cally, 















. oo area 2 = ee 6 = & 
6S ieee ees Ss Oe ee ee 
«an 6 le -_= 
aT Ba) = S <a aa «a ee 
2 ©) eS oes — ~ ol a - 
= & oes -_—- = - 


© Cae ep @ _———— © 


—— _ @ —_ 





STRAIN = Wiero-inch per inch 


FIGURE XLIV 


+ ~ 
“* 7ERO ROMIRAL DEFLECTION PLATE ase 
STRAIN DISTRIBUTICN 


= a ia Sees 
1200 wil 

= 3 ee ee A / 
1000 ——— wwe | eg 


|. SapEesacwe 
JASSEl Nis acid 











0 2 4 6 8 10 12 14 16 18 20 22 24 
DISTANCE PROM EDGE OF PLATE Inchee 


2GhO hOKIRAL DAFLSCTION PLATE 


1200 
. : és STRAIN OIaTRI oUTION Z 


| BLO ACG 


PROKT PACE Si ) 
- ee NI 3 yaw 


ee 





40 


— 
ree 


STRALK = Hiere-ineh per inch 


| 
> iia, | 
— es! 


200 L ———, 2 7 a 
H | | | 
® “ — A L : — 4 inant . 
4 6 8 10 12 14 16 is 20 


CISTANCKE FROM EDJE CF PLATE Inchee 





= Miere-ineh per inch 


1200 


ote 


1000 


FIGURE XLV 


an . 7 ee . — me 
; 
’ = ZERO NOKINAL DEFLECTION PLATZ | | : _— : 
STRAIN DISTRIAUTION : | 


ie 


CENTER ROW 
me Fa sae 


of ; (0 aeaaaas Sar | 
7S tmmees aw 
CALS 
fe a2 SEAN 


Miere-irch per inch 


STRAIN 


1260 


800 


200 


| ae 
=. ee 





8 10 2 14 16 18 20 22 oh 
DISTANCE PROM EDGE OF PLATE Inches 


2EeO ROMLSAL DEFLECTION PLATE 
STHAIN DIOTAI sUTION 
HDIK hOd 


| BACK PACE , 


1% Less 


DISTANCE FROX ED36 CF PLATE 





FIGURE XLVI 


ZERO NOMINAL OEPLECTICN PLATE 


STRAIN DISTRIBUTION _ _ 
CENTER ROW . 
~~ Z=> 
- —_— N i 
4 





a 
Gi 
/ \/ 





STRAIN Diere-insh per insh 


g 








DISTANCE FROK EDGE OF PLATE inches 


ZERO NOMINAL DEFLECTION PLATE 


STRAIN OISTRIBUTION 


STRAIN =Microwineh per inch 





DISTANSE FROM EDGE OF PLATE 


os * 





Micro-inch rer ineoh 


aTaala 


FIGURE XLVII 


oe - 
3/8 SOKIKAL DEFLECTION PLATE 


ie, eee be STRAIN DISTRIBUTION 


OsNTER ROU 


i<E 1853ea" 
ae NN 


4200 





1c 12 14 16 13 20 22 > 


DISTANCE PROM &]98 OF PLaTE Inchee 


1600 
1/3 wOMIRAL DEPLBCTION PLATS 
BITKALA DiaTRIsUTION 
7 aD0R 6 nOw 






PROKT PACE 2 


rp 


Kicro-ineh per inen 


TT? Ferret rvtre rs? 
: « 4.4 


S$TRAlS 


DISTANCS PROM EDIE OF PLATE 





STRAIE Miere-ineh per inch 


STRAIN Miero-inch per inch 


PINE Ney 


; 2 4 6 8 10 12 14 16 18 20 22 


FIGURES XLVIII 


1/8 NOwI deb veFLeCTLON PLATS 


200 
: pot : = a STHAIN claTalouTicn 
Par Re 1 | 
BOE kOe 


bASE PACE 








a {a t 


DIoTANCS PROM 2DGE OF PLATE Inches 


1/8 NOMILAL DEFLECTION PLATS 


— ae STRAIN DISTHIsUTION 
C&NTEH ROM 
' aack Pack 
1200 \ | | 





Dis Abe Pact bude CF PLATE Inches 





ALcra-ioen per inch 


ih 


3 


800 


Vicro-incn per ineh 


STRAIN 





tb 
| 
| 
| 
4 
1200 \ 
1000 
300 
PX | 


= -aneniewhs 


Orit OS eS 


FIGURE XLIX 


py 





1/8 KOKSNAL OBFLECTICN PLATB 
STRAIN DISTRI oUTION 
CiLATSR AOw 


XIO-DEPTH 








> oad : 
——— : aoe SS 
| | 
| : 
eee 
10 12 14 16 18 20 a9 2% 


DISTANCE FRCH BDGE OF PLAT = Inches 


31/8 NOMINAL CBPLECTION PLaTs 
ainaAlnd ola InT oUT1Oh 
bOUE ade 
KI beveb Td 
I e ‘ 





9 = 1: - 
. a LL 
' t A 
‘ { { i 
t { i 4 
b t ‘ 2] 
1 ‘ «4 
y q : » 
nn 2 a cern ‘ -4 





OISTANCE FRCM £2058 OF PLATE Inches 





Wiero-ineh per inch 


STAAIN 


Micro-inehn per inch 


oTnalh 


1400 


1200 


: 


80c 


20C€ 





an 


FIGURE L 


5/16 NOMINAL DEFLECTION PLATE 
STRAIN DISTAL WTION 


CENTER ROS — a ae, | 7 
| 


FRowT | 
Bid PACE if 
' 





8 10 12 14 16 18 20 22 2e 


DISTaANCE PROM BOGE OF PLATE Inchee 


3/16 NOMINAL DEFLECTION PLATh 
STralN DIsTHIBUTION 
BGs HOe 


ZONT 
Fase Pace 


or KM Le 





10 12 14 16 15 20 


@ 


UloTaNce FROK OG OF PLATE = Inches 


Ga ot 





Wicro-inen per inch 


STRALIK 


. 
om of & - 


i 


g 


1000 


=200 


re 


lanl ¥ 


s « 
- 
a tiem 


o 
bard 


1200 


hiero-ineh per inon 


aThalh 
g 


3 


' 
' 
! 
} 


|| 


FIGURE LI 


3/16 HOXINAL DePLACTICN PLath 
oTRalh Dl oTRIoU FON 
MIOULE RC 


BACK Fach 


- 1O 2 14 
eheoTANSS Padh SOc OF FLATE 


8/16 NOXINAL VoFLUSTION FLATe 
PinalIN Clo TricUTLoOn 
BLoe hOs 


BACK FACE 





Ae 











i ¢ 
ep 
wt 
‘ ~ 
wt } 
-—) 
a. a 
wt 
| i 
—) 
= — 
| 
8 ic 12 14 


SISTANCE FRCh BOUL CF FLATE 






Inches 


Inchea 


—— 





16 







13 


18 





—————— > 


— 


2c 






ar 





Hiero-ineh per ineh 


STnaly 


FIGURE Lil 



















1400 
Pewee esse Oe ek 
oe - eo eo 8 6-0 Oe Oe we Ot 
5/16 BCs Mal DEFLECTION PLATE oy peice aan 
te eee oe 4 Bp ee 
ae +6 ce be et 
STRAIN OLSTRI WTICN ate ++. 
1200 





ee As az 
=e cne 


1000 





Scar i ae 
] ; 
do ced i GS = aa u 
are ao 
cs | 
I 
| I G 
hie ' pare 
fo 2 4 6 3 10 12 14 16 18 20 22 24 


DISTANCE FROM EDJE OF PLATE Inches 


ig? a | 


5/16 NOKINAL DEFLECTION PLATE 


- STRAIN OLSTRIBUTION 


120 | 
if G0GE AOw in a 5 me? 


| ; MID-DEPTH 


aoe Ne ea 


100 msPh G89 AD 





500 ‘ eT ee ae - Ss HG a ~~ rh. 





vicro-inch per inch 


aTaala 





| 
200 — zoe = ES 
| | | . 
om {i ; a eee ae | 
* » 6 é 10 12 14 16 18 20 


DisTaAMca PROK KO06 OF PLATS inchee 


y » 4 YY 





FIGURE LIII 


| 
- fp 
a 

ae s 





1/& WOMIKAL DEFLECTION PLATS 


oi aie 
Ath oi 
| SURRIMIEEI 
UUAAL T VAL IA 
NWN Ze 
q TA) WA 
: Na Ae 
Nea NY a 


10 


DISlaANCR PRO EDGE OF PLATE = Inches 





FIGURE LIV 





fe 'e ee) 
2... = —— 1/4 BMOMINAL DEFLECTION PLATS : ; 
: - ISTAISUTIOB 
CENTEA ROW 
“ “ -- wT L2£=[_i——a anions. ge @#c& Face 
eo F Raa 


et a 
IT SS amar 


STANCE FRON EOGE 








BACK PACE 


a eee | 
WAN 
ie man 2m 


DISTAKCE PROM EDGE OF PLATE = [nch 


STRAIKR Micro-inch 








STRAIK Kicre-ineh per inena 


1800 





Kicro-inen per inch 


aTnalh 


FIGURE LY 


SThAls DIS TAL RUTION 
CauTER ROW 


DISTANCE PROM Z2GE OF PLATE 


STRAIN DIS THIBUTION 
BOGk AOd 


RID@-DEPTH 


"feniwe LoAL 


} 
} 
1 
4 ©? Pet bn? &D 


j 


1/4 MOKDMAL DSPLACTION PLATE 


Inchee 


1/4 NOWKINAL DEFLECTION PLATE 

















—4+— 





8 1D 12 14 


DISTANCE PAOY ED3L CF PLATE 


Inchee 


14 


18 


IO? 





Wicrorinch per inch 


STRAIb 


ALero-inch per inen 


Sinmaly 


* 

- 
- 
* 





FIGURE LVI 


5/16 WOKINAL DEPLACTION PLATE 
STRAIN O13 TRIBUTION 


2000 





STIPE bas 


2 ce) 1 2 


DIsTANCE PROM THe PLATS 


1200 


ZERO NOKLNAL DEPLSCTION PLATS 
STHAIN DIoT#] oUTION 


STIPF Ri oR> ae 










1000 


300 


200 


FROM THE PLATE 


1/4 NOKINAL USPLacCTIOK PLATE 
STRAIN LIS TRLLUTION 


STIFF SNe 





1/8 NOKINAL UaPLasriox rLaTs 
2TrAlhb sloanlgTIon 


STl FF ahans 


° 


“" 


——s 


+ 











FIGURE LVII 


2*T 


SSUNNCIKI FIVId / NOVISETSIC WILINI 


eat ort Me) ¢°0 


i*o 





SEIU ACVIAAY / SEPALS MOWIN I” 


SEMMIE TCVWTAY / SETUIE NOW IXY 





IV ULSCULsION OF THE RESULTS 





fhe strain-loxd curves (Figures XV through XLIII) indicated 
that the struin-load reiction is not linear for the structure tested. 
The denerture from linear performance increases with the increzse of 
4nitial deflection. 

In the 2/16" nowinel deflection plate and in the 1/4" nominal 
deflection plate there vere measured strains groater than 2,409 micro~ 
inch por inch for « losd of 109 kios, perticulaerly on the front face 
neer the center of the ulate, These streinu indicete stress values 
greeter than the ylelid stress of mild steel. 

Therefore, it was considered thet « strein dletribution 
anélycic would provido a more representative indication of whet is 


actualiy taking place under load than an estimated stress distribution. 


4.2 Streins fear the Treneverse Stiffenors 
The strein gages used to obtein the strain distribution vere 





oriented in the direction of the principal etreins indiceted by the strezs- 
eout snalysis, 6S expleined 4n section 2.5. 

The crack pattern of the gtress-cout started to form st é load 
of about 60 kirps, and was completed by the time the load had increzced 
to SO kips. 

It is believed that the orientation of the principal etreins 
changed with the varistion ef the losd becuuge the megnitude of the 


Coflection of the panel orobably chenged with the lend. Therefore, the 
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observetions mede slong the row of strain gages noar the stiffeners 
heve e limited significance. Future reference herein to strains should 
be conetrued to mean streins moesurec clong the transverse centerline. 
It should be realized that the streins measured in the row of strain 
gagec near the transverse stiffeners were always lower in velue then 
the mayioum strain neesured along the transverse centerline even at the 
loace of 60 to 8 kins; therefore, there is no loss of generality 


because it is desired to relete e meximm ciress to cefiection only. 


4e3 Strains at the Trensverse Conteriine of the Panel 

The oreck pattern of the stress cont for the four plates at 
the transvergze centarline of the panel (Figures IX through XII) hed an 
erientetion purcliel to the transverse stiffeners, indciceting that the 
orientation of the principsl strains et the transverse centerline of the 
pameal did mot chenge with the initiel deflection of the plate, and that 
the orientation of the principsel strains was peretiel to the longitucinel 
axis of the specimen. 

By symmetry, the direction of the principe: straing should be 
pareliel to the longitudinal axis of the specimen. 

Therefore, the strzine measured with the strain geges at the 
transverse centerline of the panei, which were installed with their eres 
oriented paralicl to the longitudinal axis of the specimen, are actually 


the principal strains. 


4Ae4 train Distribution in the Unstiffenec Side of the Plete 


The curves of strain distrivution on the unstiffened sice of 
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the plate (Figures ILIV, XLVII, L, end LIII) Ladicated two maximus 
strain velues at about the quarter points of the transverse conterline 


of the panel. 





The curves of strain distribution in the stiffened side of 
the plete (Figures XLY, SLVIIT, LI, amt LIV) indicated sinimum strain 


values et soout the center of the penal. 





The curves of strain distribution st the mid-depth of the plate 
(Figures XLVI, FLIX, LIl, end LV) indiceted two mexdewa strein values et 
the transverse couterline of the vanel neer to the stiffeners «nl a 


niaiow: strain value at the center of the penel. 


407 





The strains meecured in the stiffenere were cliweya emeller then 
the average strein in the plate. Thies incicated that the stiffeners vere 
not shering the load with the plste, vhich condition resulted froaa the 
20ac 20% being applied in line with the sosition of the neutral exis of 
the test section. For thie reason, 4 shecr lead between the plate enc the 
stiffeners exietecd. The ctiffenere were ioaded in tension st the bottom 
edge which caused a bending coment effect on the etiffeners, as cun he 
obzervec in Figure LVE. The tendency of the chear to produce e compressive 
effect on the plate recucec the roptite =e > Ge Sas Gap Se 
etiffeners. Therefore ii is bellewed thet the atreine fa the portion of 
the plete adjacent tc the stiffeners woulu have a n4gher value than the 


meaeured one if the stiifencra were cheriag properiy the applied losd, 
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To reduce the shearing force between the plate and the stiffeners 
the spocisens would have to be redesigned. By using stiffenere on both 
Sides of the plate and very stiff members welded at the ends of the test 
section, an even distribution of load between the stiffeners and the 


plate woule be obtsined, 


4s8 





Figure LVIT shows that the ratios of the maximum etresa in the 
unetiffened side of the plate to the average stregs in the sl«te, of the 
miniawa stress in the stiffened aide of the plate to the everege stress 
in the plete, and of the mexiuwua streca in the mid-depth of the plete 
to the aversge strese in the plate varied szlmost linearly with the ratios 
ef the initial deflection to the plete thickness within the elastic 
region of the weterial. 

The velues of the strege ratios mentioned above epproach unity 
as the epplied loac incresses within the eiustic region of the meteriel, 
Thie effect may be explained if Lt is realigzed thet the deflection of the 
penel decreases ea the applied load inereeses. 

It should be mentioned that for « losd of 20 kips in the 3/16* 
and in the 1/4" nominal deflection plates ané for a load of 190 kips in 
ali of the plates, the streszes exceetied the yield point of the material, 
ae can be observed in the losd—strein curves (Figures XV through XLIII). 
For this reason, the stress ratio curves of Figure LVII ectuslly indicate 
for ell vaiues of the deflection-thickness retio and for the loud of 80 


kipe for the range deflection-thickness ratios greater then 1.2. 
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tio the itucinel otiffeners 
Vhen the tensile losd was eppliet to the test sections with 

initial deflection, the mevinum etrerses in the mld-depth of the plete 

were prodcucec at the region of the panel eijacent to the longitudinel 


etiffenors. The material at the center of the puna 





wae Initially 
curved, while the material adjacent to thse longitudinal stiffeners 
was Gtreight; therefore, when the tenaile Load was eoplied, the curved 
fibers were unadle to esomme a strictly proportionste snaere of the lord. 
For an initial—defection-thickners ratio of 1.5, and a losc 
of 6 kips (& tons per square inch or 18000 pounds per squere inch of 
average stress in the plate), the cleculated retio of the maximum stress 
in the mid-depth of the plete at the region adjeecent to the longitudinal 
stiffeners to the average stresa in the piste was 1.275. Becauze the 
stiffeners did net share the load with the plete, it is belfeved thet 
this value should be Largex. This stress ratio is the etress concentration 


factor produced by the initial deflection of the panel. 


4.10 Center Section of the Pane) 


When the tensile losd was applied on the test sections vita 
initiel deflection, the maximum etreuses ware produced at the center of 
the panol in the unetiffened side of the plate, end the minimua velues of 
tae toneile strein vere obteined In the sane region in the stiffened vide. 
The center of the panel wae by « direct tensile load end by a bending Load 
Gue to tne defliection. The sux of these lords ceucsed a high tensile stress 
nu the conczve side of the panel (unstiffened face), and e low tenrile stress, 
seae tines negative (cozpresedve stress) in the convex side of the plate 


(stiffened face), 
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Por an initiai-cefiect csLete thickness ratio of 1.5, and e 
load of @ kipa (ebout 8 tons persqucre inch or 18000 pounds ser syunre 
inch of everage stress in the plate), the ealculsted ratio of the 
asximua strous ut the center of the penel in the unstiffened (conceve) 
aide of the plate to the everage ctress In the plate was 2.39. Hecause 
the stiffeners did not share the loed with the plate, it is believed thet 
the direct tensile stress st the center of the plate would be emeller,. 
Hiowever, the bending moment would be lerger. The net effect cannot be 
estisated. Ths bending woment would be larger, because, if the stiffeners 
workec fully, the neutrel axis of the section (or line of application of 
the load) would be at « larger distance from the plate at the center of 
the panel. This calculeted stresz ratio is the strese concentration 
factor produced by the initiel ceflection of the panel. 

The stress concentration factor for the unstiffened side of the 
paete in the central region of the penel is much highor then that for the 
region ef the plate aedjecent to the longitudinal atiffeners. Considering 
the big difference between these two atress concentration factors, it is 
believed thet the strese concentration factor for the central ragion of 
the pamel would still be the largest one even if the stiffeners properly 
sharec the loud. 

This stress concentration et the center of thse unstiffenedc side 
combined with asiternation of stresses, is o sufficlent cause to procuce 
warfeco creexs in the olate, which in turn increeze the stresa concentretion 


Ceusing tho complete failure of the plete. 
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¥ CONCLUSIONS 


In the unotiffened side of the deflected ganels, the meximun stresses 
are produced 4% the querter points of the transverse centerline of 

the panel. 

In the stiffened eide of the deflected panels, the minimus stresses 
are produced et the center of the panel. 

In the mic—depth of the deflected penels, the meximua stresses are 
preduced in « region adjacent to the longitucinel stiffeners at the 
transverse centerline of the penel, and the minimus stresses at the 
center of the vsanel,. 

The ratios of the xexiaun to the average streas velues incresse elncst 
linearly with the incresse of initial-deflection-piete-thickness raetiec 
within the aleastic region of the material. The ratios of the minimuwas 
to the average stress values decrerse elmoct linearly vith the increase 
of the initial-defLlection-plate—thickness ratio within the elastic 
region of the materiel. 

The ratios of the meximums to the average stress velues end of the 
aininums to the everzge stress values approceh unity «4s the epplied 
lowed increases within the elestic region of the materiel. 

The high stress concentrations in the unstiffened side of the plate 
(concave side) caused by Lurge initial deflections, combined with 


alternetion of stresses, preduce surface crecks in the plate. 
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VI SECO EBDATIONS 


6.1 Yo reduse the shearing force between the plete end the stiffeners, 


Gee 


the specimen should be recesigned using stiffeners on both sider of 
the plate end very etiff maubera wolded at the ends of the test 
seciion so thet an even distribution of the losd datwaen the 


stiffeners end the plate would result. 


Investigstions should be continued with different aspect ratios until 
surYicient date is compiled to specify a maximum aliovable deflection 
of senels, 
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TABLE I (continued) 
DATA SHEET 
INIFIAL DEFLECTION RZADINGS 
PLATE OF 3/16" NOMINAL DEFLECTION 


Station Ll Z 3 * 5 6 7 8 9 10 22 
0 0 1 3 G6@ A 8B PP GH oe ww 0 
z 2 ale a 26 24 28 22 20 18 6 ~3 
2 10 48 80 81 81 80 79 69 56 30 4 
4 § $3 89 111 4218 ##j#$610 @ 127 ~=«©107 85 43 « 
rr 6 55 98 121 1% 134 #=+%41’36 «4120 ~=«(10) 4g ~3 
S 4 56 97 125 138 4+ 143 #128 «109 #8 «21 
§ 4 57 95 119 127 437 «135 #2126~= 112 47 «#12 
? 8 62 100 2138 126 131 128 = 120 97 31-32 
8 16 6s 102 123 128 #136 #+135 += «116 78 16 =38 
‘7 li 61 101 2h 133 +42 1480 = 113 76 11 | <4 

10 12 60 102 125 134 40 133 = «1135 82 12 == 
11 17 62 102 12% 137 «+139 «2132 «#21217 80 15 lt 
12 21 70 206 122 #2390«214)0= (6U1LMOLGS 76 8 —§50 
13 25 87 127 Wr 1590 147 136) 116 83 10 $1 
14 32 108 «#199 «#32346 (18006 «(lS 195113 82 15 =-56 
15 33. :10930—Ci—isa138—~—Ci—i=aHO COA OH i135~—Si109 B2 15) = s = 59) 
16 32 lll 135 #235 143 «61465 136)—0« 114 83 ? =b% 
1? 33. 105 130 1359 «#314 143 lH 112 82 9? 66 
18 33 «108 )«=6127)0 1350S sia139”C:—i«=*2:3'KKstié=éz2 79 7 66 
19 31 101 127 #+13%60«13906«6137)0~«(127): 1h 71 1 66 
20 30 91 124 #=%131 #134 «6132 118 93 64 ~7? 65 
21 29 8 #120 127 #+%1Fl 127) 115 88 51 -ll -66 
22 28 81 112 125 130 ijt 119 8? $1 J 65 
23 27 75 109 226 133 «#2138~=«#123 96 61 6 58 
24 2 72 #+109 #=+419 «129«21330«2124%~=«(106 66 6 
25 25 66 9 126 130 «#112 127 99 5? Z -50 
26 24 62 $4 113 123 #127 ~ # 126 99 CY. 6 <-52 
297 25 64 99 118 125 128 1138 98 62 <-10 -53 
28 26 65 98 113 125 212 dat 84 5l -10 = -§0 
29 26 62 99 110 122 #2117 ~« «2103 79 in -—§& 46 
30 26 58 8 105 $113 «109 97 28 50 ol a 
31 25 54 78 92 97 99 93 76 60 GS 32 
32 23 rs 66 78 85 89 81 64 52 15 <=-25 
33 20 36 55 6? 68 69 5h pts 38 6 20 
34 13 22 37 45 Lig 39 27 14 13 “5 «19 
35 7 ? 6 3 Q 1 — -ll -10 -15 -18 


36 ) walt “7 13 16 «17 «20 -24 j$-19 =|-21 £==218 
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-27 
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-27 
-26 
~25 
=26 
~29 
~32 
-33 
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~25 
-19 
-21 
=23 
=25 
~26 
-28 
3a 
-31 
-28 
=-22 
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-19 
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-13 
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TABLE I (eontinued ) 
DA?A SHELT 
INITIAL DZPFLECTION READIKGS 
PLAT? OF 1/4" NOMINAL DEYLECPION 


é 3 4 s 6 ? 8 
0 2 -§ 4 (9 «ll <7 

7 143 4 ? 4 2 1 
20 3% & 47 #38 $31 22 
31 58 +78 77 68 62 Yb 
31 77 #107 ~«#2112~«°02111 #912 ~«263 
48 «698 #117 #124 131 #2105 ~=#«#74 
57 104 119 128 138 115 83 
53 100 116 137 136 137 8&2 
43100 123 144 140 119 8% 
39 #95 #127 #146 141 «#127 «100 
35 93 131 147 #146 136 115 
39 99 #138 #+«2153 164% 155 126 
4S 106 142 156 176 168 136 
62 117 147 165 183 180 146 
81 126 151 171 189 189 153 
74 141 #151 #+4172 «#2193 #194 152 
7% 129 153 169 190 188 149 
87 130 160 175 188 187 147 
78 #4127 #160 176 #198 #187 #152 
68 116 145 175 200 190 155 
65 122 153 179 205 199 162 
67 126 161 179 207 202 171 
72 130 162 186 208 203 174 
66 122 155 180 207 201 168 
61 117 155 183 208 201 165 
61 118 157 190 209 201 165 
$5 113 151 188 207 198 164 
§1 110 149 186 199 193 164 
by §899 150 189 201 195 165 
“ey 97 «14 «186 «6203 «#198 170 
4% 98 137 182 200 198 173 
b& 92 130 172 #192 195 178 
W& 87 117 #153 175 186 17% 
39 69 89 116 152 161 158 
27 &4O $$ 70 92 102 96 
15 18 23 2% 2 29 33 
=-2 9 b = 7 
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115 
124 


126 
117 


26 


=-18 
=24 
-28 
=32 
33 
~36 


=27 
=99 


~36 
-31 
=29 
-1? 
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Plate (nominal deflection) 


Gage Number 
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NAW FW WP OO ONAW FWY 


hf} tet ty pe 


18 
19 
20 
21 
22 


23 


25 
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27 


Qwow 


TABLE IT 


0 


Dietance from left ede 


12.4 0.4 0.4 
1.4 1.4 1.4 
2.3 2.3 2.3 
3.75 3.75 3.75 
5.1 5.1 5.1 
6.5 6.4 6.4 
8.0 8.0 6.0 

16.0 10.0 10.06 

12.0 12.0 12.6 

14,0 14,0 14,0 

16.0 16.0 16.0 

17.0 17.35 17.6 

18.75 18.75 18.23 

20.2 20,1 20.15 

21.6 21.6 21.6 

2.7 M5 22.5 

23.5 23565 23.5 

Distance from outer od 
0.5 0.5 0.5 
1.7 é .27 
0.5 0.5 6.5 
1.7 7 7 


becetion ef Strain Sages 


1/8" 


3/16" 


1/h" 
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GAGE 
HUMBER 


2? 
ke 


0 ON Ain 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
244 
25 
26 
27 
28 


2 
10-1915 
8-1045 
14.0030 
81225 
140010 
58-1170 
8=-1465 
10-175 
14-1975 
14.920 
14—=1170 
12-1820 
14=50 
12-1480 
Li anlbdy § 
12-1480 
12-1090 
10-610 
10-26 5 
38-1160 
102225 
1035 
B=1910 
10-10 
1021155 
86-1330 
8-1185 
10-670 


1.5000 
12-195 
8-1260 
142240 
8~1400 
1402175 
8-1320 
8=1600 
10-310 
14-1200 
14~1030 
14-1285 
12-1925 
14-165 
12-1620 
14-605 
12-1670 
12-1310 
10-780 
10—435 
Bal 325 
10-380 
10-540 
10-20 
10115 
10-1260 
8o1 B40 
8=1320 
10-820 


TABLE III 
DATA SHEET 


STRAIN LOAD READINGS 
PLATZ OF ZERO NOMINAL DEFLECTION 


FRONT PACE 


LOAD IN POUNDS 


30000 
12-425 
81 500 
14425 
8-1570 
14-320 
Bal 475 
68-1755 
104460 
14-1350 
14-1170 
14-1420 
14-45 
14-290 
12-1760 
14-765 
12-1860 
12-1530 
10-950 
10-590 
Bu1L 450 
10-530 
10-665 
10=130 
10-230 
10-1380 
8=1 575 
B~1460 
10=96 5 


45000 
12-625 
801675 
14-580 
B-1715 
14460 
8-1615 
8=1900 
10-620 
14-1510 
14-1320 
1491545 
14-160 
141300 
12-1885 
14.905 
14.30 
12-1710 
10-1080 
10-730 
8=1600 
10-675 
10-790 
10-255 
10-350 
10-1480 
8=1700 
8-1 590 
10-1090 


Strain readings in micro inch per inch 


60000 
12-850 
8~1860 
14.760 
68-1880 
14-630 
8-175 
10-70 
10-800 
14-1700 
14-1 500 
14-1710 
14-310 
14-530 
14~20 
14—1070 
14-225 
12-1935 
10-2245 
10-500 
8-1760 
10-859 
10-940 
10-405 
10.500 
10=1630 
8=-1850 
B-1755 
10-1240 


75000 
12-1050 
10-65 
14-930 
10=39 
Lha2? 5 
§~1930 
10-220 
10=965 
14-1870 
1441669 
14-1870 
Lally) 
14-660 
14~160 
14-1220 
144400 
14=139 
10-1400 
10-1040 
8~1910 
10-1015 
10-1080 
10—540 
10-§40 
10-1760 
10=905 
8=1900 
10-1396 


90000 
12-1260 


10-240 
14-1090 
10-180 
14.925 
19-90 
10-370 
10-1125 
14 40 
14-1620 
16-15 
14-580 
14~790 
14-300 
14-1370 
14-580 
14-330 
10-1550 
10-1190 
10-65 
10-1180 
1021230 
10-690 
10-790 
10=1920 
10-150 
10-55 
10=1 540 


105000 
12-1410 


10-335 
1401 230 
10=335 
14-1050 
10~240 
10480 
10-1200 
16-180 
14-1990 
16-180 
14-810 
14-935 
14-430 
14-1530 
14-750 
14-530 
12-80 
10-1430 
10=21 5 
10<1345 
10-1355 
10-820 
10-940 
12-110 
10-265 
10-1170 
12=260 


g 
6) 


a) os 





einenetetnettil 


RABTSEBLERS caensannesese~ to dn Ge 


font way dott ciste of Apathewr alers® 


GAGE 
WUMBER 0 
a 8—370 
2 101265 
3 10-1630 
A 10=1870 
B 10450 
C 12-000 
D 10-1800 
4 12-340 
§ 10-1130 
6 10-1300 
7 10-835 
8 12-1320 
9 Guam 10 
10 10-1650 
1l 16-1770 
12 10-1710 
13 10-1765 
14 12-180 
k 10=540 
bs 10<-1475 
Gg 10=L460 
3 12-100 
15 10-1390 
16 1 2—b65 
17 10-1315 
18 12-010 
19 16=1305 
2c 10@146C 
21 12=370 
22 101739 
23 10=1140 
ats 10-1400 
25 10-530 
26 10-1980 
27 10-1710 
28 12-270 


15000 
Be350 
10-1385 
10-1800 
10-1980 
L0—330 
10=1 980 
10=1 905 
12<510 
10-1310 
10-1980 
10-975 
12-525 
BL 525 
10~1760 
10-1900 
10=+1850 
10-1930 
12~330 
10+630 
10-1475 
10~1470 
12-200 
101 530 
12=505 
10-1410 
12=200 
10—1/190 
10-1630 
12-520 
10-1890 
L0—3 285 
10—1550 
10-670 
12«170 
10-1835 
12L05 


TABLE III { continued) 


DATA SHEET 


Strain-Load Readings 
Plate of Zero Nominal Deflection 


Back Face 


LOAD IN POUNDS 


30000 
8=1035 
10-1505 
LO=19#+5 
12=90 
10-415 
10-1965 
12-0000 
12-630 
10=1480 
12-170 
1¢C=-1130 
12~67C 
Br 650 
10-1890 
1L2—f0 
12=<15 
12-90 
1 270 
10=49C 
10<1440 
10-1455 
12=28C¢ 
106=1650 
12—52C 
10-1490 
12=380 
10-1666 
16=1790 
12~66C 
12<55 
LO-$143¢ 
10-1690 
10=315 
12=250 
10=1950 
12=520 


45000 
8~-1090 
10-1590 
12-70 
12-165 
10-390 
10-1935 
12~75 
12=825 
10-1630 
12=340 
10-1280 
12-810 
31790 
12~30 
12-135 
12-170 
12250 
12-610 
10+750 
10-1415 
10=1420 
12-340 
10-1765 
12=550 
10=1570 
12-515 
10—1300 
10-1950 
12-810 
1 240725 
10-1590 
10-1850 
10965 
12-390 
12-90 
12-650 


Strain readings in misro-iach per inch 


60000 
8=1180 
10-1710 
12=220 
12-260 
10~38¢ 
10-1920 
12-170 
2=935 
L0=1845 
12-530 
10-1445 
12-970 
B-1940 
12<195 
12-340 
12-340 
L215 
12-755 
10=920 
10=1390 
16#1415 
12-425 
10-1890 
12-595 
10-1655 
12-676 
10-1965 
12-110 
12=970 
12—410 
10=177C 
12-30 
1021125 
120535 
12-220 
12-785 


75000 
8~1230 
10-1815 
12-350 
12<335 
10-355 
10-1355 
12-245 
12-1130 
1021950 
12Z=7C§ 
10-1600 
12-1120 
10-100 
12—=345 
12=500 
12-500 
12-570 
12-230 
10~S80 
10—1 360 
10-2400 
12=1+90 
12-1¢ 
12-630 
10-1750 
12-220 
12-115 
12-260 
12-1110 
12=575 
10-1935 
12-190 
10-1300 
12-690 
12=355 
12-915 


90900 
R-1360 
10~1930 
12485 
1220 
10<325 
10-1855 
12-33¢ 
12=1285 
12-105 
12=875 
10-1760 
121270 
1L0_245 
12-490 
12~655 
12-665 
12-735 
12-1020 
10=940 
10-1320 
L0=-1 376 
12~565 
12<145 
12-680 
10-1845 
12=980 
12—=270 
L2—415 
12-1260 
12-750 
12-110 
12—376 
16-1465 
12-840 
1 Pkt 95 
12=1050 


105000 
B=1370 
10~1970 
12-620 
12-580 
10-289 
10-1315 
12=490 
12-1415 
12-230 
12-1090 
10-1930 
12~-1445 
16~380 
12-670 
12825 
12-930 
12=390 
12-1145 
10-1030 
10~1280 
10-1335 
12=650 
12-280 
12~740 
10-1946 
12-1640 
12560 
12-545 
121375 
12~880 
12-240 
1L2—546 
10=1735 
12-1010 
12-1395 
12=1785 
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Strain readings in micro-inch per inch 


0 
12-1930 
12-1870 
14—585 
122980 
14—1230 
148105 
14-830 
12-640 
14=590 
12810 
142630 
Lit) 5 
12-720 
12-1930 
121740 
12-80 


- 12-540 


12-1610 
12-665 

12-1060 
12<760 

12-1875 
12-510 

12-1840 
14—1350 
12-1900 
141040 
12-1080 


g0000 
14-600 


14.525 
14=1175 
12-1560 
14-186 5 
14=790 
L4o1 525 
12-1310 
1421190 
12-1415 
1421240 
14=995 
12-1215 
14-420 
14.210 
12-570 
12-990" 
14-80 
12-1060 
12=1420 
121115 
14260 
12=980 
14~280 
14=1755 
14~3430 
14-1470 
12-1510 


TABLE III{ecntinued ) 


DATA SHECT 
Strain -Load Readings 
Plate of 1/8" Nominal Deflection 
Front Face 


LOAD IN POUNDS 


35000 
14=81 5 
14-750 
14~1380 
1241765 
16=90 
14-1050 
14=1 860 
12=1 570 
14=3.450 
12-1690 
14-2510 
14-1260 
12-1415 
14-615 
L461 5 
12-780 
12=1220 
14-300 
12=1255 
12-1605 
12-1300 
Lpamtigle 5 
12-1150 
14480 
14=1925 
14.505 
14—1675 
12<1715 


$0000 
141000 
14-940 
14-1 565 
1221940 
16=295 
14~1 280 
16-50 

12-1810 
14-1580 
12-1940 
14-1750 
1421485 
12-1595 
14—780 
14-580 
12-960 


12-1390 - 


14248 5 
12-1415 
12-1790 
12-1475 
14420 
12-1345 
14-680 
16+100 
14-670 
Lo) 86 5 
1221890 


65000 
14-1190 
14.1130 
14-1755 
14-130 
16<450 
14-1530 
16-310 
14-70 
14-1940 
14-210 
16-10 
14-1730 
12-1790 
14-955 
14-76 § 
12-1150 
12-1580 
14.680 
121600 
1241980 
12-1660 
14-810 
12<1550 
14-890 
16~299 
14.850 
16-60 
14.80 


80000 
14-1350 
L401 290 
14=1930 
14-300 
16-700 
141770 
16=545 
14-300 
16-180 
L455 
16=240 
14421940 
12=1965 
1421120 
14-920 
12=1310 
12-1750 
14-850 
121770 
14=170 
12-1850 
14-1000 
12-1760 
14-1100 
16475 
1421030 
16—240 
14250 


95000 
14-1530 
1451470 
16-100 
1441450 
16~86 5 
14=1980 
16=760 
14-519 
16-400 
14-685 
16=510 
16-175 
14-140 
14=1275 
14-1080 
12+1490 
1281945 
14-101 5 
12=1945 
14—370 
14=70 
14=1210 
14-10 
1421355 
16-676 
14-1210 
16-440 
L430 
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0 
14-900 
14=530 
14-610 
14-1800 
Lun720 
16=20 
14—G80 
14-1310 
14.970 
16—360 
14—1680 
16-1110 
16-500 
LL OLS 
1401920 
14—=620 
14-1810 
16-135 
14-1900 


14~1730 


14—} 530 
14-805 

14-890 

14-1196 
14-1870 
1441430 
12+1690 
14—1 390 


14—735 
141130 
16=145 
14-1590 
Liye 1 140 
14=1950 
Li-110 


Plate 


2000 
14—1210 
14=375 
14-975 
16-60 
14—830 
16-170 
14-1240 
14—1660 
14-1190 
16-510 
141805 
16-1220 
16-580 
L-1110 
1650 
Lu—730 
16=50 
16490 
16-170 
14-1850 
141635 
14-755 
14-1230 
141530 
16-175 
14-1800 
12-1890 
11610 
14=1036 
14-1315 
16-315 
14-1840 
LH 320 
16-175 
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TABLE III (continued) 


DATA SHEE: 


Strnin-Load Readings 


of 1/8"Mominal Deflection 
Back Face 


LOAD IN POUNDS 


35060 
14-1375 
14-1060 
144—1170 
16-165 
14-815 
16-1706 
14-1350 
14.—1850 
1h 1280 
16=560 
141850 
16=1260 
16-590 
Lyell 
16-80 
14830 
16-155 
16-670 
16=280 
14~1 870 
141640 
1G-455 
Lue 410 
14=1705 
16~320 
11 965 
12-1970 
14~1705 
L4m1 136 
Len) 395 
16—410 
14-1980 
Loe LhIO 
16=280 
14-1590 


5QQ00 


Lh—1§25 
14-1 22¢ 
16-1340 
16=265 
14800 
16-165 
Ly 1450 
16-25 
14=1370 
16-610 
14=1910 
16-1320 
16-610 
14~1140 
16-135 
14-890 
16-255 
16-820 
16-370 
14—1875 
14-1640 
Lhe950 
141575 
14-1850 
16+450 
16-115 
14-60 
14-1790 


14—3 235. 


LL-1270 
164-30 
16-100 
Wh81585 
16-365 
LE PES 


65000 
14-1680 
14—1380 
141510 
16-360 
14-790 
16-170 
141550 
16-205 
Li—-1490 
16-690 
16-0 
16=1405 
16-680 
Lit1 200 
16-215 
14-980 
16=370 
16-980 
16=1175 
141835 
18-1646 
14—1041 
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16-10 
16-585 
16-265 
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L-i~1830 
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121560 
16-560 
16-230 
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14~1820 
14-1535 
16~1665 
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14-760 
16-160 
14-1650 
16=370 
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16~730 
16-105 
16-1510 
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14—1275 
16-300 
14—2070 
16-180 
16-1125 
16-560 
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14-1630 
14=1120 
14—1.890 
16-150 
16-700 
16400 
[0225 
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Le—L LC 
14-1656 
L6—645 
16-360 
15~-1785 
16=s40 
16=40 


95000 
11975 
14—1700 
14—1 840 
16-515 
14710 
16-120 
14-1730 
160540 
144-1690 
16-370 
16-210 
16-1630 
16-860 
14-1350 
16—410 
14-1170 
16=590 
16-1270 
16-636 
Lh—m1859 
16=@1516 
14-1190 
16-50 
16=300 
16-840 
16-550 
14~29¢ 
16-35 


14-1585 
14~1736 
16715 
16—475 
141875 
16~630 
16=200 
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61690 
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12-445 
12-085 
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B~720 
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10-100 
12-820 
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8-350 
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8-590 
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8~1330 
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10-1070 
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12-530 
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Lew“ 5 
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12-200 
10-1570 
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12-650 
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14-445 
14-1080 
16-370 
16=}2590 
i6~160 
14~1795 
14+660 
14-1299 
14-1620 
14~1050 
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14-1716 
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16~28C 
16-95 
14-950 
Let 55 
14-1915 
14-1336 
14-1820 
iLa8 50 
14-1285 
26-340 
Ol 2 
16-10 
14-990 
1LS={EE5 
16~4569 
44-1769 
1-205 
14-131 
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1L~795 
14-1565 
22-1260 
14-1530 
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14-676 
14-1330 
16-640 
16-605 
16-590 
16-395 
LAwLe 30 
14~18i5 
16-216 
idm) 616 
26-100 
LAKLLL 
L4~+2 500 
16=310 
1L6~280 
16-130 
2A~ LOO 
16-360 
16-690 
14-142 5 
Lim 340 
14-1850 
14-1520 
UA -205 
14-1495 
14-1310 
14~1645 
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14~76U 

14-1450 
16-750 
L6~750 

16-"9C 

16-640 

14-1489 
15-54 

L6--470 

14~1875 
15-376 
14-1360 
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16=475 

26-415 

16+295 
Lim LR 
1$=500 
16-820 
14-1516 
14-320 
14-2900 
L4~1 S60 
1£+820 
14-1430 
14-1365 
14-1756 
14-1870 
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1£-860 
14-1565 
15889 
16890 
20-980 
16-890 
L4-1726 
The ZB 
16-720 
16-120 
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Lh-2 8H 
14-2895 
16—_625 
16—=540 
3 e370 
124-1320 
LO-O2U 
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LAwt 555 
Lh4,25 
14-1946 
shan $95 
1Z-840 
£4-1A90 
14-1415 
14-1850 
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14-955 
14-1680 
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Li-LO2 
L6—11645 
16-1155 
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16-975 
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LenLe§ 
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14-470 
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14~14565 
14-1940 
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14-1650 
14-1785 
16-1110 
16-1155 
16-1345 
16~13 
16-190 
16-739 
16-1215 
15-610 
16-1130 
16-55 
16-280 
16-920 
L6—790 
16-606 
14-1510 
15-870 
15<216C 
Lé~1 TO 
L4-525 
16-65 
LhoL 706 
14-920 
14~1510 
14-1530 
16-40 
16-210 
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LA~L LAO 
14-1899 
16-1220 
16-L28¢ 
"6--1520 
16-1575 
16-400 
14-940 
16-1446 
16-830 
16<125¢6 
16~270 
16~4.59 
19-1055 
16-916 
16~765 
14+i615 
26-990 
16-2270 
14-1820 
14-29¢ 
16-140 
14-1760 
14-950 
Level 540 
14-1590 
15-135 
16-315 
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14-1230 
14-1990 
16-1325 
16-1465 
16-2680 
16-1780 
16-610 

15-1156 
16-1665 
16-1060 
14-1620 
16-490 

LheS 30 

16-L19G 
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15-1485 
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1A~1645 
16-116 
18~+z80 
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18-1260 
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16-2345 
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16-1535 
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Lily 395 
14-1545 
LZ=1970 
i4-L68o 
14-1835 
L4=1025 
14-1545 
14-900 
14-1020 
14-115 
14-660 
12-579 
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106-1880 
14-749 

14-1725 
14-1080 
14-845 

16-125 

14-1446 
14-1795 
14-1085 
14-85 

LA£~1555 
14-1985 
Ldn? 770 
14+1335 
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14-1660 
14-b 465 
LA~2315 
14-820 

14-1580 
16-20 

Lh-1350 
LL+950 
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34-525 
14~1670 
14-100 
14-1740 
14-1785 
14-1005 
Lf =<2Gh5 
24-1025 
14-1020 
14-10 
14-559 
12-420 
12-80 
10--1'730 
14-590 
14-1620 
14-1065 
14-970 
16-206 
14-1410 
14-1736 
14-1135 
14-215 
14-1685 
16-120 
14~1885 
24-1390 
24-1530 
Lh+2770 
14-1545 
14~-L4i0 
14~-930 
14+1 680 
14-80 
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14-1790 
t4~2 30 
l4~-2800 
14-P74C 
14-986 
14-1690 
Vh-1155 
14-1030 
1241926 
14-450 
12-280 
10-1960 
16-1595 
14-450 
14-2515 
14-1050 
14-1100 
16-280 
14-1396 
14-1670 
14-1195 
14-260 
Lhn 1835 
L6-275 
16-0 
14-1435 
14-1818 
14-1886 
La~lOR5 
34-1520 
14-1090 
14-1799 
16-156 
14-1470 
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1L4~78C 
14-1910 
14356 
14-1860 
34-1705 
LAMY / U 
14-2760 
14-127 
14~2045 
1c-1855 
14-360 
12-160 
10-1256 
10~1475 
14~330 
14-1420 
14-1045 
14-1230 
16-360 
14-1379 
14-1620 
14-1250 
24-495 
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16-415 
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L4£-1E9C 
14-1590 
L4m2 910 
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44-1479 
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L2~1806 
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14-1305 
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14-1085 
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16-1599 
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14-225 
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1£-1040 
14-1470 
16-510 
14-1330 
14-1525 
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14-755 
16-259 
16~685 
26 320 
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thoiee 
3.2366 
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16-320 
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16~235 
16=430 
L421 690 
de 5b F 


TABLE IIZ (continued) 
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ctrain-Load headings 
Plute of 1/4" fiominal Deflection 
Zeck Face (continued) 


LOL IN POUNDS 


4 
mm 


L4-1235 
16-345 
14-790 
16-85 
14-1586 
Lh—920 
16-20 
1h~-1 729 
LA~1245 
aa~ 730 
14-205 
LO=18 30 
“O~2 $65 
LO—L245 

id=LY75 
L4-L1L7C 
14-1050 
14-1635 
16--655 
14-1390 
14-1450 
14--1470 
14~995 
16-5006 
16-930 
16-510 

LL BIO 
16-10 
16-430 
1Ld«- 3S 

~ 2990 

14-3640 
16--340 
16=500 
14-1745 
14-1440 


goX! 
14-1345 
14-456 
14--990 
16=140 
14-15 
4915 
* G=30 
L418 20 
14-1186 
laewa 1 9G 
14+200 
16=1790 
LU-1550 
V1 260 
Le-2 9a 
L4—1130 
14-1076 
14~1810 
16-736 
14~Lnd5 
14-1410 
tL-15 350 
14-1120 
16-620 
16-1055 
16-610 
Lb FeO 
16-90 
16--540 
15-135 
16-80 


oO 
Pd 


K# 


Lé--1 450 
16-556 
14-1005 
L6+195 
34-1530 
£e9GG 
a pie, 
14-1940 
LA 22s 
12=2 740 
LAO 
1621750 
LO—1520 
one 
ai «K i B85 & C 
14,-LOB 
14-1080 
24~1930 
16-795 
14~-1260 
14-1365 
14~158C 
14-1235 
16-746 
16-1176 
16-705 
14-1760 
16-155 
26-635 
16-175 
16-165 
14-1875 
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f 
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ee 
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dw 
L@. 


ico" 
1L4HL60C 
16-549 
14,~1055 
16~£8C 
LLL 45C 


1O—1' 725 
C3326 
LAee bo 
dee, 56.5 
14-1470 
19-15 
ya 
1é-Li00 
14-1176 
15-640 
14-1385 
16-755 
ene 
ee 
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Sabo BOC 
Lé--589 
theo lL TiC 
16-1165 
LAwk BPAe 
Lh 7 30 
16=1095 
Lhasa C 
14-1600 
24-350 
TLE S 
LE—L,65 
Lan55 

2 Gen FFD 
ren Ae 
LigeGE 
16=£35 
1BH3 455 
"reer 4 
Lied OD 

4 ii~i 1 i676 2) 
i Lb), 714 ‘ 
14-1536 


16-795 


LH—Le0U 
15-1330 
15-80 
16-800 
16095 
16-429 
2o~526 
16-940 
14-98 5 
Li=87 i 5 
ee 
” Fae 
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TABLE. 1V 
Strain-Load values 


Plate cf Zero Nominal Veflection Plate of 1/8" Neminal Deflection 


Strains in Microeinch Per inch 
F indicates gage on front face 
B indicates gage on back face 
m indicates mean value 


Lead in Kips Load in Kips 

Gage , 

Number 20 Lo 60 80 100 20 LO 50 80 100 
1 285 570 855 1135 1390 250 0") 750 1000 1250 
1 110 220 305 435 510 396 200 1,00 600 690 1000 
1 197.5 395 590 785 950 295 450 675 yOO 1195 
? 2545 49S 7u0 990 1185 20 4,80 720 960 1200 
2? 1S 285 4430 560 580 710 as 640 850 =: 1055 
2 195 390 585 785 932.5 225 452.5 680 C05 1132.5 
3 296 inksO 660 68O 1095 250 S00 755 1005 1260 
3 185 370 550 735 920 225 450 570 895 1120 
3 202.5 405 605 807.5 1007.5 237.5 75 722.5 9350 1290 
iy 205 410 6a5 830 1035 250 4S5 745 990 1240 
ky 205 410 625 830 1035 235 470 710 G45 1180 
\ 205 410 625 830 1035 2429.5 492.5 7°7.5 957.5 1210 
5 200 00 600 800 1000 ?70 585 61S 10v0 =: 1360 
5 215 425 640 B85CG 4060 1h0 280 1,20 S60 700 
5 207-5 412.5 670 895 1030 205 432.5 617. 825 1030 
205 410 610 8270 1020 325 055 985 1310 =. 16,0 
$ 20 1,80 720 950 1200 50 120 205 305 bhS 
6 222.5 usd 565 690 1110 187.5 387.5 595 80765 1042.5 
7 200 00 600 600 1000 370 730 ~=1070 1390 1670 
7 200 4,00 610 830 1040 35 95 206 330 4,80 
7 200 400 605 S15 1020 209.5 ki7.5 635 860 1075 
8 180 390 6?0 855 i015 360 700 = 1035 1345 1630 
8 180 365 555 760 980 20 50 175 310 LBO 
8 180 377-5 587.5 807.5 $97.5 1¥0 340 605 827.5 1055 
a 220 Lio 850 880 1100 350 690 1070 1335 1635 
9 150 330 530 71,0 330 ~ 20 ©15 + 50 +4100 = +260 
9 185 385 595 810 1015 £165 357.5 S25 T7605 = 947.5 
10 170 370 580 800 «61030 )=—S (3375 7u0 1090 1h20 0 = L700 
10 150 330 $30 740 9&) 0 10 70 170 270 
10 160 350 555 770 995 187.5 375 580 795 985 
12 160 340 Ske 740 SSO 0370 720 1060 1375 1700 
11 175 370 S80 790 =. 1005 50 70 155 275 420 
11 167.5 355 Soo 755 277.5 210 395 607.5 825 1060 
1? 150 LOS 570 750 1000 330 660 970 1270 1560 
iz 200 S05 790 950 1220 30 100 206 320 oO 
1? 195 05 OS 855 11230 180 380 585 795 1010 


QQ 





PAGES hated memenwyeowae rage ary ooo 


: 
s RIGRAERAERRSSRESSES SEE SSESEEaszeAeae F 
| AMURER TES UATTEAEROSREA IVETE TEN ENA f 

2 j 
- 
i 














aoe wont wu @pyy_ eeesoltert ¥ 
“ai deat bm oney oesao lun & 
eoley quee pedsotba! « 





2 + isnt SCRRTN ICSE Zee sseteIE: 

y PORSSRREDEDSEARKud Set En BASIE Ws Shy 

2 SSGSCHUTERS SI GR EAH Is ke sES RL E Laas 

ir {, WBERRIREGSIESSARATE SRE AT ats eAveE Ht 
i 


* Essneniszeasivedaeiwatsevasdzetettas 
a aaavasiavaattytaadeatiebsasecetsti23 





TASLE ZV (Conta) 


Plate of Zero Nominal Deflection Plate of 1/8" Nominal Deflection 


Load in Kips Leac in Kips 

Gage 

Number 20 40 60 80 100 20 4O 60 80 100 

13 155 315 475 650 830 270 530 780 1620 1250 
13 220 430 645 850 1080 130 275 415 560 710 
13 187.5 372.5 569 755 $55 200 402.5 597.5 790 980 
LV, 18C 360 540 720 500 3245 LOO 720 945 1150 
1; 190 380 560 745 920 295 5 650 860 1050 
ly 185 370 550 73205 G30 235 467.5 690 902.5 1100 
15 205 410 620 825 1030 255 510 750 980 1160 
15 155 335 S00 670 835 230 460 685 $00 1200 
15 185 372.5 560 7h7 05 «93225 242.5 485 71725 90 12140 
16 255 500 Tas 980 1210 295 555 800 1030 1250 
16 5 285 430 580 680 230 450 650 850 =61050 
16 2700 =—s_- 392.5 587.5 780 $45 262.5 502.5 725 940 1155 
17 270 54,0 610 1080 1360 265 520 775 1020 1265 
17 95 200 320 Lo 565 190 360 560 720 $30 
17 182.5 370 565 750 962.5 227.5 50 662.5 470 1097 
18F 205 10 615 820 1150 20 485 730 970 12210 
188 205 415 595 830 1200 200 OS $10 810 81010 
184 205 412.5 S20 825 1175 220 Uys 670 890 1110 
19F 200 4,00 600 805 1050 230 1,60 690 925 1160 
198 200 400 $00 805 1080 110 225 340 50 530 
19M 200 00 £00 G05 1055 170 342.5 505 687.5 845 
20F 200 1,00 500 800 1000 250 500 755 1010 .1260 
203 210 420 630 B40 1050 125 235 350 470 590 
20H 205 410 615 870 1025 187.5 357.5 552.5 70 925 
PF 220 ho 655 270 1690 240 85 730 970 1220 
213 195 395 595 790 990 170 340 520 690 &70 
a1 207.5 417.5 625 €30 310h0 205 412.5 625 830 1045 
22°F 160 360 505 730 910 245 490 735 “80 1230 
2°B 225 450 580 905 1130 150 310 465 520 780 
22M 202.5 405 612.5 817.5 10790 197.5 00 600 800 1005 
23F 185 370 SSO 740 925 260 520 790 1050 1320 
23B 220 1h0 550 880 1105 220 225 340 450 650 
23M 202.5 05 605 810 1015S 185 372.5 565 755 950 
2uF 190 390 580 775 870 270 5S 820 1090 1570 
248 225 450 675 $00 1120 105 220 330 ho 520 
2UM 207.5 420 627.5 837.5 1045 187.5 382.5 575 765 1045 
25F 165 335 500 665 YOO 240 480 725 960 1210 

258 195 390 600 830 1140 170 340 520 4590 &70 
aby 180 362.5 550 747.5 1020 205 410 622.5 895 1040 


Strains in “icro-Inch Per inch 
F indicates gage on front fuce 
B indicates gage on back face 
M indicates mean value 
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Plate of zero Nominal 
Load in Kips 
Gage 

Number 20 40 69 
OSPF 196 380 570 
76B 180 370 560 
26M 185 375 565 
PTF 195 390 585 
278 165 335 510 
27H 180 362.5 Su7.5 
2B 190 380 575 
28B 145 335 S10 
264 180 35765 542.5 
a 150 275 390 

D 1,0 250 375 
= U5 25725 382.5 
q @15 =35 =60 

C @25 m55 -90 
i “20 5 =75 
E 80 165 250 
ie 100 200 300 
4 90 182.5 275 

z ~30 -09 100 

G =20 =)30 ~70 
a =25 -50 385 


TABLE IV (Cont. ) 


beflection 
20 100 20 
750 955 215 
750 G40 130 
755 947.5 172.5 
780 i1c80 250 
690 1000 i415 
735 10h0 182.5 
765 1080 240 
685 S90 200 
725 1035 £290 
500 620 ks 
480 605 = 150 
L90 $12.5 127.5 
“95 15 <10 
“195 -170 -00 
“110 “157.5 _ S 
335 “lS 150 
4400 500 140 
36725 457.5 15 
11:0 190 +290 
95 135 +5 
117.5 162.5 125 


Strains in Nicro-inch Per Inch 
F indicates gage on front face 
B incicates gage on back face 
M indicates mean value 


Plate of 1/8" Nominal befleection 


LO 


430 
200 
345 
510 
230 
370 
Hae) 
4:00 
Ayis5 
290 
300 
295 
=20 


@16 
285 
270 
277.5 
4h0 
+10 
25 


Load in Kips 
60 80 
660 900 
390 520 
525 760 
765 1020 
350 579 
55765 = 795 
735 480 
605 810 
5670 895 
1,20 530 
435 560 
427.5 55 
130 -80 

0 “10 
=20 “h5 
iS 530 
395 505 
L05 517.5 
450 +60 
+10 @10 

35 25 


100 


1235 
650 
892.5 

1275 
680 
97705 

1220 

1010 

1115 

620 
670 
645 

-15 

- 75 

-110 
620 
595 
607 5 

Q) 
=60 
=30 


4.0% 
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YARLS IV (Cent. ) 
Strain Lead Values 


Plate of 3/16" Mominal Deflection Plate of 1/i" Nominal Deflection 


Load in Kips Loaad in Kips 

Gage 

Number 20 ho 60 80 100 20 LO 50 80 100 

iF 215 435 655 875 1s 225 415 600 785 1010 
1B 235 1,80 720 960 1970 265 500 720 940 1200 
IM 225 457.5 687-5 917.5 1167.5 20 457.5 650 662.5 1105 
oF 230 so 675 900 1035 240 475 705 915 1065 
2B 250 490 735 975 11295 2h0 7S 705 915 1055 
ms 240 1,70 705 432.5 1080 2h0 475 705 915 1080 
3¥ 250 S00 750 1060 110 250 490 725 935 1110 
3B 2h0 480 720 965 1130 45 S10 730 935 1090 
3M 2u5 490 735 982.5 1135 257.5 5C0 72705 935 1100 
LF 270 SLO 810 1080 1390 310 600 865 1115 1810 
LB 2,0 470 710 950 1930 250 90 720 930 1500 
Un 255 505 730 1015 1310 280 545 792.5 1022.5 1685 
OF 305 610 995 1230 «61u200—s 0 R10 1175 1510 1820 
5B 75 150 205 310 600 20 US 95 165 310 
oe 190 380 S75 770 1010 = 215 427.5 635 837.5 1065 
6F 4,00 B10 0 = 1290) 1670 1740 600 21100 1580 2000 2700 
4B -70 115 <-110 “90 +100 -200 «320 -380 390 = 90 
OM 165 347.5 555 765 920 200 —s_(4350 600 605 1305 
TF 470 935 1400 1890 1960 560 1070 1540 1970 2570 
7B “10 =245 =315 330 195 -790) «6-360 = 0 “40 2770 
™ 165 345 Su?.5 «= 735) ss 97-5 «=170 = 355 550 755 1150 
8F 450 885 1290 1650 1760 520 990 U0 1860 2200 
8B “160 -?70 <320 ~-309 -155 =2300 -530 =-690 “800 550 
6M 145 307.5 485 680 80?.5 110 230 86375 530 825 
gf Ne) 860 1260 1640 1710 600 1100 1580 2950 = 2 330 
$B -90 -165 =210 “195 +60 -260 <-\\80 620 “700 <500 
Fr 175 347-5 595 722.5 885 160 310 460 775 ¥6O 
10F 690 11270 1560 1980 2360 560 1060 £1560 2040 2410 
103 “110 -180 -290 “1:0 +?60 <-300 -5290 <696 “790 «506 
104 260 470 680 990 1995 130 280 435 625 925 
uF 490 950 1380 1760 1830 S80 21100 1600 2090 21,00 
113 “130 <-2290 -=250 o2% -10 -280 -530 -700 -810 =)80 
11s 180 305 565 770 ¢10 ©6150 285 450 640 960 
1% 150 990 1300 1570 1660 570 1000 1160 1990 §=©2160 
123 35 -SO #),5 #10 +230 «220 =390 510 -500 =100 
32M 207-5 470 4677.5 850 GhS 150 305 75 695 1630 


Strain Micro-Inci: Per Inch 


F indicates gace on front face 
B indicates page on vack face 


M indicates | 


ear valve 
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TABLE IV (Cont. ) 
Strain Load Values 


Plate of 3/16" Nominal Deflection Plate cf 1/4" Nominal Verlection 


Load in Kivs Load in Kips 
Gage 
Number 20 40 60 80 100 20 10 §0 80 100 
13F 330 650 1000 1330 21700 Uo 640 1190 1560 2710 
13B 8S 180 280 00 730 20 -40 =),0 =-20 200 
134 267.5 20 6,0 865 1215 210 LOC 575 770 = 155 
LhF 275 5590 830 1105 1500 350 560 950 1230 ©2600 
143 265 510 720 990 1300 260 510 720 G60 3160 
Lis 270 530 175 1047.5 14:00 305 585 845 1095 2880 
15F 290 550 730 1000 1900 285 5u5 795 1035 1200 
15B 260 515 750 1005 1845 265 Su5 795 10h0 1300 
15M 275 532.5 770 1002.5 1872.5 285 545 795 1037.5 1250 
L6F 290 560 790 1010 1310 20 4,80 710 920 S90 
16B 275 530 750 970 1255 280 560 830 1075 =: 11210 
16s 282.5 545 775 990 1287.5 20 52 770 997.5 1106 
17F 235 470 705 940 12360 2°00 GO 600 800 Bé0 
178 235 4.70 705 940 1180 290 565 830 1070 1230 
L7H 235 4,70 705 94:0 1170 245 i8?.5 FAS 935 los 
18¥ 285 570 &55 11:0 1450 300 570 815 1050 =: 1405 
188 215 4,30 £50 860 1080 230 lua 659 840 1065 
18 250 500 752.5 1000 1265 265 507.5 732.5 945 1235 
19F 290 kiso S55 890 1340 260 505 730 960 1380 
19B 100 205 10 kos 9-275 100 195 290 380 LS0 
194 160 322.5 487.5 647.5 807.5 180 350 510 670 915 
?0F 185 370 540 740 950 150 305 4.60 $20 960 
?0B 125 260 385 520 =6—705 160 395 L85 550 880 
20M 1s5 315 472.5 630 827.5 155 315 472.5 635 920 
OlP 120 245 370 495 700 70 150 255 390 630 
21B 24,0 180 720 950 1160 220 Lo 670 RB0 960 
21M 180 362.5 545 722.5 930 Lys 295 462.5 635 795 
2°F 160 320 eo 685 1050 80 165 285 hus 710 
228 140 300 gO 630 800 160 320 480 60 820 
20M 150 310 go 657-5 995 120 242.5 382.5 542.5 765 
23F 150 295 1,50 §30 1000 ie 120 225 365 645 
238 205 410 600 735 830 196 390 580 770 880 
234 17705 «352.5 525 662.5 915 215 255 hO?.5 567.5 762.5 
2uF 170 335 505 685 G90 250 8S 720 560 150 
2,8 240 L:80 720 920 1170 30 65 130 235 450 
ols 205 07.5 612.5 802.5 1080 10 275 45 59765 950 
25F 80 175 285 U0 590 =-20 @25 0 60 290 
25B 300 585 860 1095 1330 220 41:0 560 880 100.0 
ao 190 380 572.5 767.5 1010 100 POTS 330 4.70 645 


Strain in Miero Inch Per Inch 
F indicates gage on front face 
6b indicates gage on back face 
M indicates mean value 
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Load in Kips 

Gage 

Number 20 0 60 80 100 20 
26F 170 345 5M 700 975 160 
26B 230 4,60 700 820 970 140 
24s 200 =40?.5 607.5 760 972.5 125 
27 25 500 770 1050 1550 220 
?7B 170 330 Sco $00 570 120 
vats! 207.5 is 635 830 1060 170 
28 310 590 £50 1080 1310 260 
288 235 450 64,0 810 950 200 
28é 272.5 520 75 945 1130 230 
A 140 275 400 510 730 12C 
B 170 340 yo 630 G10 10 
> 155 307.5 ighs 570 5620 13 
B =50 “$0 +135 “190 =315 <100 
C - S - 5 =L0 e25 +100 = 55 
= ~27.5 “725 -72.5 -107.5 @207.5 ~7725 
E 170 350 Wes 600 980 160 
K 115 730 340 455 710 110 
- 132.5 290 422.5 527-5 845 235 
Fr +10 +10 +5 =-25 “90 <55 
G -70 <-125 -180 “245 <-370 75 
- #30 5705 85 “135 230 65 


Plate of 3/16" Nominal Deflection 


TABLF IV (Cont. ) 


Strain Load Values 


Strain in ‘iiero Inch Per Ineh 
¥ indicates gaze on front face 
B indicates gage on back face 
M indicates mean value 


Load in Kips 


4,0 


220 
280 
250 
430 
235 


332.5 


500 
3,0 
Lh 
230 
280 
255 
-180 
=75 


“127.5 


320 
225 


272.5 


35 
-230 


~102.5 -222.5 


60 


320 
1,20 
370 
525 
340 


462.5 


130 
590 
660 
350 
410 
380 
~225 
-109 


~16?.5 


470 
335 


0? .5 


~130 
~315 


Plate of 1/4," Nominal Deflection 


80 100 
450 780 
560 645 
505 71765 
31S 1860 
45C 540 
632.5 1200 
956 230 
780 =. 20. 00 
865 2170 
4,60 800 
540 890 
500) —s BS 
-275 =385 
“115 #190 
~195 ~287.45 
605 2005 
44S 1540 
525 1772.5 
“160 +340 
=-375 515 


~267 05 “7765 
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TABLE VI 


Calculation of the Mean Strain 


Plate of Zero Nominal Deflection Plate of 3/16" Bominal Deflection 


Load(Kips) 20 10 60 80 100 20 40 50 80 100 
Strain (Micro-ineh Per Inch) Strain (Microeinch Per Inch) 

9.0 20.0 29.5 39.3 47.8 22.5 3 45.6 59.9 

9.7 20.0 30.0 0.0 49.0 19.2 2h.0 35.2 8.3 55.9 

Wt 20.4 31.2 Mes 1.7 Woo B00 MO B.e2e 4.? 

lO? 21.7 32.7 4303 SheO 6.7 17-8 28.0 38.2 h7e2 

10.8 2.0 2.0 4:0 51.0 8.3 ATe2 27.0 36.8 46.0 

¢.0 18.8 29.4 30.2 49.8 Teli 15.5 4.2? 3haeO hO.? 

9.5 19,0 29.6 40.5 50.8 8.8 17.3 25.3 36.1 wh.0 

8.0 17.5 28.0 38.3 9.5 13.0 2304 34.0 46.0 G4.8 

§.2 18.0 28.0 38.0 48.0 9.1 18.4 28.2 38.5 5.3 

9.0 194 30.3 40.3 51.8 10.3 22.5 3362 2.7 Sled 

Go? 18.5: 27.5 36-7 5.5 13.0 25.8 38.0 50.0 70,0 

9.5 19.0 26,5 38.0 h65.7 AO 26.9 38.7 ky.B 65.3 

6.8 616.0 78.0 37.7 6.5 105 Pano 3355 16.9 56.1 

Sum 120.2 250.3 392.9 5045.6 639.3 138.3 27720 42703 570.1 708. 
Mean Value 185 384.5 604.8 775 982.5 212.8 26 642 876 1090 


Plate of 1/8" Nominal Defleetion Plate of 1/i" Nominal Deflection 


Strain (Micro-inch Per Inch) 


Strain (Hicro-ineh Per Inch) 


11.2 4697.30 «033070 SO CSS —CiaUCOCiRs—s PCC HEL 
he ae ee en ee ee 
11.8 23.9 3503 47.0 58.7 13.6 26.3 38.3 49.8 79.1 
9.6 29.8 30.0 40.8 521.9 10.2 20.0 30.6 0.8 61.5 
10.0 271.0 31.8 42.8 53.7 84 1.0 72 7 Was 
9.5 19.5 30.2 5S 53.0 5.5 11.6 16.6 M6 Wel 
8.0 WS M52 37.2 753 76 G6.2 O57 W838 Bree 
9.2 18.7 2.0 3.7 Uu2 So7 UWseO 21.9 3led WO. 
10.5 19.7 30.2 ‘1? 53.0 7.5 lue3 22.5 32.0 48.0 
9.5 19.5 Pe 33.65 u9e5 Be 5 L720 25.4 35,0 56.5 
lly 823.0 34.0 hko3 ShO 1u.7 $28.0 40.6 53.0 174.0 
leh 2esS 36.0 47e® S7.2 13.3. %.7. Bel D0 Gds8 
Sim 135.0 273.0 412.4 55.5 694.8 133.1 251.4 390.5 529.0 788.7 
Mean Value 207.7 420 633 @51 1049 2704.8 402 601 613 121? 
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TABLE VII 
Calevlation of the Average t‘aximum Strain 
Front Face 


MOMTNAL DEFLFCTIO 
(sips) ~~ ee pes “ys —- oll 


20 7 200 370 70 560 
11 160 370 490 580 
Average 180 +370 4,80 570 
Ratio 0, C73 dee 78? 2 .P55 2 78 
LO 7 4,00 730 935 1070 
12 34,0 720 950 1100 
Averace 370 725 9? 5 1085 
Ratio 0.96? 1.728 20215 2.70 
60 7 600 LO7G 2400 1540 
11 SO 1060 13E0 1000 
Average S70 1065 1320 1570 
Hatio 0.945 1.6584 2.165 2.615 
80 7 &00 1390 1800 1970 
12 740 1375 1760 2090 
Average 770 136?.5 1780 2030 
Ratio 0.933 1,676 2.030 2498 
100 * 1600 1576 i198 2570 
li 950 L7&O 1830 21,00 
Average 975 1585 1925 2485 
Ratio 0.993 1.578 1.766 2.050 
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TABL? ‘VII (Cont. ) 
Calenlation of the average ‘Sinimum Strain 


Back Face 
Load Gage NCHINAL DEFLECTION 
| St ee 2 eee ae’ ee 

20 8 180 20 150 = 300 

9 150 =20 - 90 = 280 

10 150 0 #119 - 300 
Average 160 0 “190 - 293.3 

Ratio 0.E65 @) -0.544 “1,430 

Bye) 8 365 80 «270 - 530 

9 330 @15 #165 = 480 

10 330 LO =180 - 520 

Average 342.6 25 =205 - 510 

Ratio 0,888 0,059 -0,451 -1..259 

60 8 555 175 =320 - 690 

© 530 50 =210 - §20 

10 530 7O =-2?00 = 690 
Average 538.3 98.3 =21:3 03 = 665.6 

Ratio 0.891 0.155 -0.379 “1,109 

80 8 760 310 ~ 300 = 800 

9 7L0 160 “195 = 700 

10 740 170 -1:0 =~ 790 
Average 7596 271323 211.6 ~ 75363 

Ratio 0.964 0.250 0.2741 -0,949 

100 8 980 480 “155 - 550 

9 930 260 + 6 - 510 

10 960 270 +300 - 550 

Average 956.6 335.0 + 35 - 5,0 

Ratio 02975 0.315 0,032 0.445 
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TABLE Vii ( Conte ) 


Calculation of the Average Maximum Strain 
Middle Depth 


Load Gare WCMINAL DEFLECTION 
(Kips) Number ! 
20 L 205 2265 255 
1, 185 235 270 
Average 195 238.7 262.5 
Ratio 1.055 1.150 1.23? 
0 \ 410 492.5 505 
ly 370 46765 530 
Average 390 480.0 517.5 
Ratio 1.013 1.143 1.225 
60 L 625 727.5 760 
pen 550 690.0 775 
Average 587.65 708.7 767.5 
Ratio 097? 1.120 1.196 
80 l 830 9675 1015 
ly 73705 902.5 1047.5 
Averaze 781.2? 935.0 1031.? 
Ratio 1,009 1.100 1.179 
100 ly 1035 1210 1310 
Li 910 1100 Li0O 
Averare 972.5 1155 1355 
Ratio 0.990 1,081 1, 2k? 


292.5 
1.429 


545 


565 
1.4406 


792.5 

845.0 

818.7 
1,361 


1092.5 
1995.0 
1508.7 
1,855 
1685 
2660 
226? 
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APPENDIX PD 


Roa 
MELSURED AND CALCULATED APPLIED LOAD 


Nominal beflection 0 1/8" 3/16" 1/4 
Sversge Strain in the Plate (adero-in/in) 604.8 642.0 633.3 691.1 
Precuct Strein-Croes Sectional Plate Area 18léc4 1926.0 1899.0 1803.0 
Maxteum Strain in Siiffeners 709 720 80) 750 
520 659 750 B20 
Minimue Stradc in Stiffeners ~23 200 “279 ~375 
235 -120 -309 475 
Averegs Strein in the Stiffenere 151.3 £6205 24509 139.9 
Product Strain Cross-Sectionel Stiffeners 
&rea 2266 32529 306.9 22500 
Suz of Products Strein-arca W041 8 8=— 25K 0D 2205.0 £028 ..0 
Galeulated Applied Lead (pounds) 59700 63400 64030 58900 
Meesured Load 69009 60009 60990 60008 
Difference (pounds) ~300 +5400 +4900 ~1190 
Difference (percentage) 1.3% +9% +6.7% ~1.2% 
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Observations on Experfeace with Welded Ships by Devic 2. Brown, Senior 
Vice President end Technical Mencger Mericen Bu-Sbipping. Prepared 
for the Plenary Session of the Internstional Institute of Veiding, 
Gothenburg, 1952. 

Mimates of the Third Meeting Comittee on Ship Structurel Design, held 
et M.I.T., Jamary, 1953. 

fieview of the Past Structural Studies Related to the hip end Ship 
Components end for Determining Loeds end Gtrains on Chips at Gea, 
Presented before the Comaittee on Ship Stauctursl Design of the Nationel 
Research Council by Hervey Evens, January, 1953. 

Turbull, J., “Kecent Developments in the Study of Longitudinal Strength", 
Shipbuilding and Shipoing Necord, Volume 30, No. 14, October 19526 
The Effect of Initial Deflection on the Ftrecs Dietrimution in a Penel 
of Ship's Plating Under Tensile Load. Thesie work by Arthur J. Eeskel 


and Robert Wurlitzer. Subsitted on Mey 25, 1953. 
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